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ABSTRACT 

Thi  s  course,   the  second  of  three  courses  in  the 
medical  laboratory  technician  field  adapted  from  military  curriculum 
materials  {.or  use  in  vocational' and  technical  education ,  . was  designed 
as  a  refresher  course  for  studen't  self-study  and  evaluation.    It  is 
suitable  for  use  by  advanced  students  or  beginning  students 
participating  irt  a  supervised  laboratory  or  on-the-job  learning 
situation.  The  course  is  divided   into  three  volumes  containing 
student  workbooks,   readings,   and  tests.  Volume  1  Rovers* blood- 
composition  and  functions,  blood  counts,   ertrocytes,   leukocytes,  and 
coagulation.  Volume  2jpresents  information  concerning  blood  banking; 
this  information   includes  immunohematology ,   blood  group  systems , 
transfusion  of  blood,   and  the  opteration  of  a  blood  center.  The  final 
volume  discusses  the  principles  of  serology,   the  agglutination  test, 
the  fixation  and  precipitin  test,   and  the  serological  test  for 
syphilis.  A  glossary  of  technical  terms  used  in  the  three  volumes  is 
printed  at  the  back  of  volume  3.   Each  of  the  volumes  contains 
chapters  with  objectives,   text,   review  exercises,   and  answe-rs  -to  the* 
exercises.  A  volume  review  exercise   (without  answers)  is  provided. 
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MILITARY  CURRICULUM  MATERIALS  * 

The  military-developed  curriculum  materials  in  this  course 
package  were  selected  by  the  National  Center  for  Research  in< 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regionaTXurr  i culum  Coordination  Centers  and 
other .  instructional  materials  agencies .  '  The  purpose  of 
disseminating  these  courses  was  to  make ,  curriculum,  materials 
developed  by  the  military  more  accessible  to  vocational 
educators  in  the  civilian  setting. 

The  course  materials  were  acquired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  .and  prepared  for 
dissemination.    Materials  which  were  specific  to  the  nilitary 
wiare  deleted,  copyrighted  materials  were  either  emitted  or  appro 
val  for  their  use  was  obtained^    These  course  packages  contain 
,  curriculum  resource  materials  which  ^an  be  adapted  to  support 
vocational  instruction  and  curriculum /"development  ♦ 
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The  National  Center 
Mission  Statement 


The  National  Center  for  Research  in 
Vocational  Education's  mission  is 40  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  probv 
lems  relating;to  individual  career  planning, 
preparation,  and  progression.  The  National/ 
Center  fulfills  its  mission  by: 


Generating  knowledge  through  research 
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Developing  educational  programs  and 
•  products 


•  Evaluating  individual  program  needs 
and  outcomes 

•  Installing  educational  programs*and 
prod  lit ts 

•  Operating  information  systems  and 
services 

•  Conducting  leadership-development  and 
training  programs 


*  FOR  FURTHER  INFORMATION  ABOUT 
Military  Curriculum  Materials 
WRITE  OR  CALL 

Program  Information  Office 
A  The  National  Center  for  Research  in  Vocational 

*  Education  ' 

The  Ohio  State  University 
1960  Kenny  Road,  Columbus,  Ohio  43210  N 
Telephone:  614/486-3655  or  Toll  free  800/ 
9  848-4815  within  the  continental  U.S. 

(except  OhioJ^  \ 
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Military 

Curriculum  Materials 
Dissemination  Is  . . . 


an  activity  to  increase  the  accessibility  of  4 
military  developed  curricul^Y*  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  aT'\krint  Memorandum  of 
Understanding^  between  the  U.S.  Office  of 
Education  andlthe  Department  of  B^fense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  .tech- 
nical education  are  selected  for  disseminat 


What  Materials 
Are  Available? 
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The  National  Center  for  Research 
Vocational  Education  is  the  U.S.  Of 
Education's  designated  Representative  to 
acquire  the  materials  and  conduct  the  project 
activities.  * 

Project  Staff :'  * 

Wesley  E.  Budke,  Ph.D.,  Director, 
National  Center  Clearinghouse 


Shirley  A.  Chase,  Ph.D. 
Project  Director 
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One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  have  been  provided  to  the  taxational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  "agencies  for  dissemi- 
nation, m  ;  -f 

Course   materials   include  programmed  •» 
instruction,  curriculum  outlines,  instructor 
guides;  student  workbooks  apd  technical 
manuals. 

\ 

e  120  courses  represent  the  following 
teen  vocational  subject  areas: 

/ 


Food  ^fervice 
Health 

Heating  8j  Air 
Conditioning 
Machine  Shop 
Management  & 

Supervision 
Meteorology  & 

Navigation 
Photography 
Public  Service 


The  number  .of  courses  arid  the  sdbject  areas> 
rlepresented\will  expand  as  additional  mate- 
rials with  application  to  vocational  and 
technical  education  are  iden^fied  and  selected 
for  dissemination. 


Agriculture 

vfcation 
Building  & 
Construction 
Trades 
ClWical 

Occupations 
Communications 
Di  lilting 
Electronics  • 
Engine  Mechanics 
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Ipw  Can  These 
Materials  Be  Obtained? 
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Contabtr^he  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).-  they 
will  respond  to  your  request  directly  or  refer 
you  to  an, instructional  materials  Agency 
closer  to  you. 
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Robert  Patton 
Director 

1515  West  Sixth  Ave. 
-Stillwater,  OK  74704 
405/37£  2000r  . 


SOUTHEAST 

James  F.Shill,  Ph.D. 
Director 

Mississippi  State  University 

Drawer  DX 
Mississippi  State,  MS  39762 
601/325  2510 


NORTHEAST 

Joseph  F.  Kelly,  Ph.D. 
Director       "  s 
225  West  State  Street 
Trenton,  NJ  08625 
609/292-6562 


WESTERN 

Lawrence  F.  H.  Zane,  Ph.D. 
Director 

1776  University  Ave. 
Honolulu,  HI  96822  ' 
808/948-7834 
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a      Occupational  Area: 
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Colt! 


Print  Pages: 


Availability:  '  - 

-Military  Curriculum  Project,  The, Center 
fqr  Vocational  Education,  .1960  Kenny 
Rd.,  Columbus,  OH  43210 


Suggested  Background:      .  *  f       ■  * 

■•;  A 

Chemistry,  biology,  zoology,  completion  of  Medical  laboratory  Technician- Clinical  Chemistry  and  Urinalysis ,  (10-2) 
Target  Audiences:^  i*  .  v         #  •     u  < 


*    Grades  10-adult   »  <- 


Organization  of  Materials:  (        t    _  >  (  * 

Student  workbooks  con  tain  ing  objectives,  assignments,  chapter  review  exercises  and  answers,  volume  review  exercises;  texts;  supplemental 
materials  ,  ■  %     •  • 


-Typi  of  Instruction: 


Jnjji 


lividualized,  •self-paced 


Typa  of  Materials: 

Volume*  1      —       Laboratory  Procedures  in  Clinical  Bacteriology 
(Part  i)  .  * 

Workbook 

Volume'2     —     •  Laboratory  Procedures  in  Clinical  Bacteriology 
(Part  II) 

Workbook 

m 

Supplementary  Materials 

* 

Volume  3     —       Clinical  Parasitology 
Workbook 

Volume  4     —       Laboratory  Procedures  in  Clinical  Mycology 
Workbook 


No.  of  Pages;  ^ 

100* 
61 

67 

8 
61 

<  42 
96 
55 
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Completion  Time; 
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Supplementary  Materials  Required: 
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Course  Description  <.  "  tr  *  » 

This  course  is,tr*  second  of  three  courses  in  the  Medical  laboratory  Technician  field  to  upgrade  the  Specialist  (skilled)  worker  to  the  Technician  /advanced) 
,  level.  The  course  contains  basic  information  and  could  be  used  as  a  refresher  course,  but  is  designed  to  be  used  by  advanced  students  or  beginning  students  ' 
m  a .supervised I  laboratory  or  on-the-job  learning  situation.  The  first  course? Medial 'Laboratory  Technician-Clinical  Chemistry  and  Urinalysis  is  a  pre-  * 
requ,s,te  to  this  course.  The  remaining  course  is,  Hematology,  Serology,  Blood  Banking,  and  Immunohemato/ogy.  This  course  lists  the  following  duties 
for  a  Medical  Laboratory  Technician/Specialist:  *  •  *   .  *    ■      . '  .  & 


Performs  hematological  tests      ,  i 

Performs  urinalysis 

Performs  chemical  analysis 

Assists  irt  blood  bank  duties 

Performs  microbiological  and  serological  tests 

Accomplishes  general  medical  laboratory  duties 

Supervises  medical  laboratory  personnel  ' 


This  course  is  divided  into  four  volumes  containing  student  workbooks,  texts„and  supplementary  material, 


V 


Volume  1  — 


Volume  2     — , 


Laboratory  Procedures  In  Clinical  Bacteriology1  (Part  I)  traces  the  historical  development  of  current  bacteriological  procedures,  . 
instructs  on  laboratory  techniques  and  equipment  necessary  for  the  safe  handling  of  infectious  microorganisms,  explains  how  ' 
knowledge  of  bacterial  morphology  and  physiology  permits  the  technician  to  isolate  and  cultivate  pathogenic  microbes,  and  'v 
discloses  the  basis  for  anti-microbial  sensitivity  testing  and  drug  assays.  » 

Laboratory  Procedures  in  Clinical  Baqterio/ogy  (Part  II)  contains  information  on  Gram-positive  organisms.'Gram-hegative  cocci  " 
and  coccoid  forms,  the  small  Gram-negative  bacilli,  the  enterjc  organisms,  acid-fast  bacirfi.  and  spirochetes.  Volume  2  is  . 
accompanied  by  a  book  of  eight  charts  using  a  flow-chart  format  to  identify  organisms.  " 

CHnical  Parasitology  introduces  medical  parasitology  /and  explains  protozoa  infecting  man,  plat$elminthes  infecting  man  and 
nematodes  infecting  man.  .        >  '  . 

Laboratory  Procedures  in  Clinical  Mycology  discusses  characteristics  of  fungi  such  as  taxonomic  relationships,  cellular  morphology , , 
'  ,  cu,tLrral  Properties,  and  the  fungi  as  djsease  agents.  Also  covered  are  collection  and  processing  techniques  and  how  to  ship 
„     specimens;  yeastHike  fungi,  monomorphic  molds/dimorphic  fungi,  and  saprophytic  fungi;  and  guidelines  for  collection,  preservation, 
packaging  and  Jshipment  of  clinical  virological  specimens.  ' 

Each  of  the  volumes  contain  chapters  with  objectives,  text,  review  exercises  and  answers  to  the  exercise's.  A  volume  review  exercise  is  provided  but  no  answers 
•  are  available.  This  course  ^designed  foV  student  self-study.and  evaluation  within  tne  context  of  a  laboratory  or  on-the-job  learning  situation.  The  material 

it  useful  forbeginning  student  with  a  good  science  and  math  background  or  workers  who  wish  to  upgrade  or  refresh  their  skills.  Much  of  the  material  involves 
-review^of  basic  procedures.  *$ome  supervisory  information  is  a'lso  included.   ,  / '  fc 


Volume  3*  — 


Volume  4  — 


s 
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THIS' SECOND  course  in  a  series- covering  the  medical  laboratory  technician 
specialty -is  devoted  to  the  principles  and- practices  of  clincial  microbiology. 
CDC  90411.  Clinical  Chemistfy  and*  Urinalysis,  served  as  a  prerequisite.  CDC 
90413,  which  follows  the  course  in  Microbiology,  will  introduce  the  concepts  under- 
lying conventionar  laboratory  procedures  in  Jmhuinohqmatology,  se^logy  and^lood 
"banking.  .  ■  ,  '        "  ,  '  . 

'   Volumes  1  aftd  2  of  the  "course  in microbiology*  take  up  the  fundamentals,  of  . 
diagnostic  bacteriology.   In  the  third  volume,  the  tffe  processes  and  JdeaUfymg 
features  of  intestinal,  blood,  and  tissue  parasites 'fee  explored.  Volume  4  on 
mycology  covers  laboratory  methods  used  in  identifying  pathogenic  fungi.  The 
last  volume  Heals  with  'the  nature  of  the  virus  and  rickettsial  agents  of  disease. 

The  opening  chapter  of%olume  1.  traces  the  historical  development  of  current 
bacteriological  procedures.'  The  second  chapter  instructs  on  laboratory, techniques 
and  equipment  necessary  fox  the  safe  handling  qt  infectious  microorganisms. 
Chapters  3  and  4  explain  how,  knowledge  of  bacterial  morphology  and  physiology 
'permits  the  technician  to  feola'tdand  cultivate  pathogenic  microbes  in  the" laboratory. 
.  Lastly,  chapter^  discloses  the  Wis  for  antimicrobial  sensitivity  testing  an^' drug 
assays'.  In  Volume  2  of  this  couVsc  thc'medicaUy  important  genera  of  bacteria  will 
be  described,  arid)specific  measure's  outlined  for  establishing  their  identity. 

If  you  have  queshogs  on  the  accuracy  or  currency  of  the  subject  mWer  of  this 
text;  or  recommendations  for  its 'improvement,  send  them  to  Technical  Training 
Center  (MS^TW),  Shcppard  AFBATcxas  76311.  _ 

If  you  have  questions'  on_course\  enrollment  or  administration,  or  on  any  of 
EGI's  instructional  aids,  (Your  KeUtq  Career  Development,  Study  Reference 
Guides  Chapter  Review  Exercisesyif  oiume  Review  Exercise,  and  Course  Exam- 
ination), consult  your  education  Jf  icM  training  officer,  or  NCO.  as  appropriate. 
If  he'ean't  answer  your  questions,. send  Mm  to  ECI,  Gunter  AF^  Alabama  36114, 
preferably  on  ECI  Form  17,  Student  Rediipst  for  Assistance. 

This  volume  is  valued  at  36  hours  (  llboints). 

Material  in  this  volume  is  technically  Vcurate,  adequate,  and  current  as  of 
January  1969. 
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OF  SHIPPING  LIST 
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CAREER  FIELDS.  POLICIES.  PROCEDURES  AND  EQUIPMENT  CHANGE.  ALSO  ERRORS 
OCCASIONALLY  GET  INTO  PRINT.   THE  FOLLOWING  ITEMS  UPDATE  AND  CORRECT 
YOUR- COURSE  MATERIALS.   PLEASE  MA£E  THE  INDICATED  CHANGES.  '  j 


1.  CHANGES  FOR  THE  TEXT:     VOLUME  1    •  ■ 

a.  Page  K,  para  3r2,  line  3:     Delete  "(SF  514 .series ). " 

b. *    Pape  5,  para  3-11,  line  4:     Delete  "SF  514K,  Bacteriology." 

c.  Page  12,  para  4V 32,  line  5:     Change  "SF  514K,  Bacteriology"  to  "request 

•      *  '  ' 

l-age  17,  para  5-14a,  line  1:-  Insert  "is"  between  "This"  and  "the." 

er     Page  21,  col  1:    At  the  end  of  the  column  add  "Do  not  put  rubber, -plastics, 
or  textiles  in  this  type  sterilizer.    Some  plastics  give  off  toxic  fumes;  when 
heated  at  ^igh  temperatures . " 

f.  Page  26,  para  5-56,  line  10:    Change  the  first  "and"  to  "are."  { 

g.  Pag#  31,  para  5-83,  line  5:    Change  "inside  the  wrapper  of  the  material" 
to  "in  the  center  of  the  package." 

h.  Vage  89,  col  1,  footnote,  line  1:    Change  "outbraek"  to  "outbreak  is." 

2 .  CHANGES  FOR  THE  TEXT :     VOLUME  2 

•  a.     Page  7,  col  1,  line  3:    After  "organism;"  change  to  read  "then  we  place  a 
0.02  -  0.04  unit  .       . " 

b.  Page  13,  para  4-11,  line  i3:     After  "positive,"  insert  "except  for  C. 
j  haemolyticum, . "  v 

c.  Page  18,  para  8-5,  line  3:     Delete  "spores." 
CHANGES  FOR  THE  TEXT:     VOLUME  3 

a.  •Page  7,  col  1*  figure  1:     Change  "BLEPHAROPLAST"  to  "KINETOPLAST." 

b.  Page  9,  col  1,  figure  3:     Change  "BLEPHAROPLAST"  to  "KINETOPLAST." 
CHANGE  FOR  THE  TEXT:-   VOLUME  4 

Page  46,  col  2,  figure  25:     Insert  "Coccidioides"  between  "of"  and  "immitis." 
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CHANGES  FOR  THE  VOLUME  WORKBOOK:     VOLUME  1 


a. 


Page  4,' Chapter  Re^ew,  Exercises ,  question  1  and  4:     Delete  "514. " 


b.  Page  12,  Chapter  Review  Exercises,  question  56:  Insert  "70%"  between  "to" 
and  "ethyl." 
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5.     CHANGES  FOR  THE  VOLUME  WORKBOOK:     VOLUME  1  (Continued)  • 

c.  Page  35,  Chapter  Review  Exercises,  chap  2,  answer  1:     Change  "SF  511  series" 
to  "the  laboratory  '  request  forms ." 

d.  Page  29,  Chapter  Review  Exercises,  question  45:    'Capitalize  "hiss. 

-  e.     Page  39,. Chapter  Review  Exercises,  answer  56,  line  1:     Change  "can  be 

to  "when."  „  , 

f.     ?age  42,  Chapter  Review  Exercises,  answer  46°,  liSe  X:     Change  ".contamination' 
to  "contaminating. " 

a.  4  Page  43,  Chapter  Review  Exercises,  answer*  13*,  line  1:     Change  ^'strongly 
!   recommended"  to  "mandatory."  .    <  •*< 

!  h.     Page  46,  Chapter  Review  Exercises,  answer  16:     Change  "PSA"  to  "PAS." 

1  i      Page  47,  Chapter  Review  Exercises,  after  answer  29,  add:     "30.  Antibiotic 

j  sensitivity  testing  detects  bacterial  sensitivity-  (or 'resistance)  to  an  antibiotic. 
Antibiotic  assay  determines  the  amount,of  the  antibiotic  in  a  specimen.  (16-^1) 

'  j.     Page  56;  Chapter  4  should  begin  with4  question  65^jnstead  of  question  64. 

i  >    *  .  , 

;  k.     The  following  questions  are  no  longer  scored,  and  need  not  be  answered: 

'   7,  69  and  82. 
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CHANGES  FOR* THE  VOLUME  WORKBOOK:     VOLUME  2 


a.  Page  5,  Chapter  Review  Exercises,  question  24,  line  X:  Change  'IThJ^ 
Bacitracin"  to  "The  bacitracin."    Change  "to  Bacitracis"  to  "to  bacitracifK" 


\ 


j  b.        &Jge  7,  Chapter  Review  Exercises,  question  37:     Change  "corynebacterium" 

j    to  "coryneflacteria." 

c.     Page  20,  Chapter  Review  Exercises,  question  13, 'line  1:     Delete  "and 
Escherichia  coli, . " 


d.  Page  23,  Chapter  Review  Exercises,*  question  36:     Change  "Morphological" 
to  "Morphologically,."    Chapter  5,  Objectives,  line  2:     Change  "biomedical"  to 
"biochemical." 

e.  v   Page  33,  Chapter  Review  Exercises,  answer  15:     Change  "Anaerobes"  to 
"The  Veillonellae  are  anaerobes."  -  . 

f .  Page  '42,  question  26,  choice  a.    Change  the  word  "strain"  to  "stain." 
(Page  3    of   5  ) 
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6.  "  CHANGES  FOR  THE,  VOLUME  WORKBOOK^VOLUME  2  (Continued) 

g.  Page  43,  question  30:     In  the  stem  of  this  question,  change  "veneral"% 
to  "venereal. 11    Choice  d:    Change  "v^neragu"  to  "venereal*. 11 

h.  The  following  questions  are  no  longer  scored  and  need  ndt  be  answered: 
37  and  62.  ■ \  ~* 

7.  CHANGES  FOR  THE  VOLUME  WORKBOOK:  %  VOLUME  3  • 

a.  Page  2,  Chapter  Review  Exercises,  Chapter  1,  Objective,  line  2^.  Change 
"parasitic"  to  "parasite." 

■ »  * 

b.  Page  5,  Chapter  Reyiew  Exercises,  question  8:    Delete  "or  Rhodesian." 

.}  c.    Page  6,  Chapter,  Review  Exercises,  question  13:    After.  "Chilomastix 

j    mesnili"  add  "cysts."    Question  15:    Delete  "the  parasite  .   ...  of  man"  and 
'!     substitute  "Giardia  lamblia."  -  %  ' 

:  '  — : — *  '"  . 

j  d.     Page  8,  Chapter  Review  Exercises,  question  27:    Change  "amoeba"  to 

!  "amebae."    Delete  "quickly  ruptures  .   .   .  tap  water"  and  substitute  "has  no  known 

i  cystic  stage."  •  ■ 

!  e.     Page  9,  Chapter  Review  Exercises,  question  34:    Change  "merozoite"  to 

;  "exoerythrocytic. " 


I 
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f.    Page  12,  Chapter  Review  Exercises,  question  11,  line  1:     Delete  "adult." 

*g.    Page  13,  Chapter  Review  Exercises,  question  15,  lines yl  and  2:  Change 
"if  you  have  i  ..  .  the  eggs  of"  to  "to  determine  whether  the  eggs  were  produced 
by"  and  after  "Fasciola  hepatica"  change  "from  those  of"  to  "or."-  Question  20: 
Change  "the  species  .   .      in  exercise  11"  to  "Fasciolopsis  buskj." 

h.  Page  W,  Chapter  Review  Exercises,  quest ion. 21:     Change  "the  species  .   .  . 
exercise'  n»  to  "F.  Buski." 

i.  Page  15,  Chapter  Review  Exercises,  question  33:  Change  reference  "(8-10)" 
to  "(8-11)."  '  , 

j.     Page  17,  Chapter  Review  Exercises,  question  43:     Change  "cysticercus 
larva"  to  "Taenia  sp.  eggs." 

k..  Page  23,  Chapter  Review  Exercises,  question  30:     Change  "ceylonicum" 
to  "ceylanicum."  ' 
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7.  CHANGES  FOR  THE  VOLUME  WORKBOOK:     VOLUME  3  (Continued) 

1.     Page  30,  Chapter  Review  '.Exercises ,  answer  23:     Change  "melacercariae"*  to 
"rnetacercariae."    Answe'r  26:     Delete  "hooked."    Answer  33:     Change  reference 
"(8-10)"  to  "(3-11)."    '  "       -  , 

m.     Page,  31,. Chapter  Review  Exercises,  answer. 1:     Change  "Nematodo"  to  , 
"Nematoda."*  ? 

n.     Question  40  is  no  longer  scored  and  need  not  be  answered. 

8.  CHANGES  FOR  THE  VOLUME  WORKBOOK:     VOLUME  4  , 

a.  Qover,  title:     Change  "Micqlogy"-  to  "Mycology ."  • 

b.  J^age  10,  Chapter  Review  Exercises,  question  27:     Change  to'  read  - 
"Cladosporium  werneckii  causes  wh$t  disease?"  ,  ■  • 

 *  *  •  " 

c.  Page*- 28,  Chapter  Review  •  Exercises  ,  question'^,  line  2:     Change*  Venter 

tracts"  to  "intestinal  tracts." 

d.  Page  36,  Chapter-  Review 'Exercises ,  question  68:     Change  "labated"^  to 

I 

e.  Page  40,  Chapter  Review  Exercises,  answer  16:     Change  "polio  and"  to 
"polio,."    Answer  18,    line  1:     Change  "encephalitci"  to  "encephalitic. "' 

f.  Page  41,  Chapter  Review  Exercises,  answer  32,  line  1:   .Change  "Seno- 
logical"  to  "Serological."  ,  ' 

g.  Page  44; "question  5:     Change  guide  number  "(400)"  to  "(401)." 

h.  '    Page  45,  question  18  should  be  in  Chapter- 2  instead  of  Chapter  1. 
Question  19,  choice  b:     Change  "Tecture"  to  "Texture." 

i.  Page  49,  question  56:     In  the  stem  of  the  question,  change  "Histoplasmosis"^ 

to  "Histoplasma. "   '  : 

! 

j.     Page  51,  question  69,  choice  a:     Delete  "capsulatum. " 

k.     The  following  questions  are  no  longer  scored  and  need  not  be  answered: 

9.  27 ,  79  and  80. 

NOTE :     Change  the  currency  date  onfall  volumes  to  "December  1974." 
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CHAPTER  1 


History  of  Bacteriology 


BACTERIOLOGY,  as  we  know  it  today,  is  a 
science  which  demands  an  understanding  of 
.  the  basic  morphology  and  physiology  of  bacteria. 
You  must  have  a  keen  sense  of  perception-  to  be 
able  to  observe  bacterial  growth,  make  intelligent 
interpretations  of  this  growth,  and  record  what 
you  obsepfe.  As  a  laboratory  technician  working 
In  bacteriology,  you  must  be  a  "detective"  ready 
to  analyze  clues  gathered  from  your  efforts  in 
the  laboratory  as  to  the  identity  of  a  particular 
disease-associated  microorganism.  This  analysis 
is  fairly, routine  today,  but  it  has  not  always  been 
this  way. 

2.  Sanitary  practices  and  devices  to  improve 
ventilation  and  dispose  of  human,  wastes  were  in 
use  as  far  Back  in  history  as  the  Knossian  or 
Minoan  period  (1850-1400  B.C.).  Some  of 
these  sanitary  methods  were  far  better  than  any- 
thing in  use  before  the  19thVentury.  There  were 
no  bacteriologists  during  this  time  period,  so  we 
must  conclude  that  aloof,  intelligent.  Ibgical 
minds  prevailed  in  the  hierarchy  of  the  day. 

3.  Investigators  of  long  ago  were  not  aware 
of  anything  smaller  than  what  was  visible  to  the 
unaided  e>e.  Belief  in  the  supernatural,  fear  of 
reprisal,  and  religious  practices  did  not  help  to 
stimulate  research.  The  invention  of  the  micro- 
scope was  an  important  stimulus  to  learrf  about 
the  *tiny  work),  of  animalcules.  Through  a  slow 
gnd  gradual  process,  knowledge  about  bacteria 
was  sought  and  diseases  associated  with  them 

v     were  documented.   The  world  began  to  realize 
that  small  microscopic  matter  was  important  in 
•   health  and  disease. 

4.  Recent  history  of  medical  bacteriology  is 
Jfetargely  that  of  the  foundation  of  techniques  for 

isolation  and  identification  of  specific  disease- 
causing  microorganisms.  Conscientious  experi- 
mentation and  careful  recording  of  observations 
have  led  to  the  present  status  of  bacteriology  as 
a  science  and  as  a  useful  tool  in  fighting  the 
diseases  of  man. 

5.  By  being  aware  of  some  of  the  historical 
high  points  in  the  development  of  bacteriology 


as  aVscience,  you  will  better  appreciate  the  vast 
obstacles  which  had  to  be  overcome.  Hopefully.  m 
you^jjSll  be  stimulated  to  add  to  the  progress  in 
this  science.  Before  we  go  into  our  discussion  of 
present-day  laboratory  techniques,  we  will  look 
^.at  some  of  the  events  which  helped  to  shape-  the 
destiny  of  bacteriology. 

1.  Major  Contributions  in  the  Discovery  of 
Bacteria 

l-l.  Hippocc^t«  (460-377  B.C.),  the  father 
'  of  medicine,  was  not  a  bacteriologist,  but  his 
observations  and  writings  gave  a  foundation  to 
the  field  of  bacteriology. 'even  though  bacteria  as 
such  were  still  unknown.  He  attributed  diseases 
to  changes  and  di^orcjers  in  "the  "vital  fluids"  of 
the  body.  He  stressed  the  use  of  boiled  water  for 
irrigating  wounds  and  called  attention  to  the  im- 
portance of  clean  hands  and  fingernails  of  the 
"surgeon."  He  coined  such  terms  as  "acute," 
''chronic,"  "endemic,"  and  "epidemic";  terms 
which  are  still  with  us  today  although  we  may 
use  them  in  a  slightly  different  context. 

1-2.  As  the  Dark  Ages  replaced  the  progres- 
siveness  of  the  Romans  and  Greeks  with  mysti- 
cism and  fear,  witches  were  boiled  instead  of 
water.  Filth,  pes&lence,  and  plague  covered 
•  Europe.  This  situation  prevailed  until  the  18th 
century.  Changes  wcre^made,  but  their  accept- 
ance was  slow. 

1-3.  It  was  during  the  Renaissance  (1453- 
1600)  that  bacteriology  probably  had  its  real 
beginning.  In  1546  Girolamo  Fracastoro,  father 
of  the  germ  theory  of  disease  wrote,  "Contagion 
is  an  infection  that  passes  from  one  thing  to 
anbthef^  He  recognized  that  basically  there 
were  three  sources  of  contagious  material:  (1) 
by  contact.  (2)  by  fomites,  and  (3)  from  a 
distance.  This  typified  the  lev?!  qf  scientific 
knowledge  at  the  beginning  of  the  17th  century, 
and  from  this  level."  science  be^an  to  emerge  as  a 
systematic  meth&i  of  investigation.  It  -was 
Fracastoro  who  should  probably  get  credit  for 
giving  the  venereal  disease  "syphilis"  its  rtame. 
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Figure  1.    Leeuwenhoek's  drawings  of  bacteria. 


Fracastoro  published  a  poem  which  recounted 
the  legend  of  the  shepherd  Syphilus  who  had 
been  afflicted  with  file  disease.  The  name  is 
still  with  us. 

1-4.  Development  of  the  microscope  was  prob- 
ably the  most  significant  occurrence  in  the  field 
of  bacteriology.  The  first  simple  lens,  was  made 
by  Roger  Bacon.  This  invention  was  followed 
by  theM:ompound  lens  of  Zacharias  Janssen  in 
Holland.  The  world  of  microbes  was  now  visible 
to  all  who  were  interested.  The  first  notable 
observation  of  microbes^was  recorded  by  Anton 
van  Leeuwenhoek  in  1675.  With  his  ferude  mi- 
croscope, composed  of  a  biconvex  lens,  Leeu- 
wenhoek  discovered  badteria  in  water  and  body 
fluids,  as  well' as  yeast  in  beer.  He  saw  different 
shapes  and  obsei^ed  that  certain  bacteria  could 
move  from  one  place  to  another,  under  their  own 
power.  His  drawings  of  these  organisms,  one  of 
which  is  shown  jn  figure  1,  formed  a  foundation 
of  The  modern-day  classification  of  bacteria.  In- 
vention of  *the  microscope  provided  a  means  to 
study  the  causes  of  fermentatfon  and  disease. 
Naturally,  knowledgeable  men  of  the  day  wanted 
to '  learn  more  about  the  identity  and  functions 
of  microbes.  However,  they  were  handicapped 
in  their  N^fforts  because  Leeuwenhoek  jealously 
guarded  the  secret  of  his  microscope  until  "his 
death. 

1-5.  After  the  death  of  Leeuwenhoek,  with 
the  aid  of  this  new  instrument  and  witrTthe  in- 
formation*of  the  m£|re  than  200  letters  which 
Leeuwenhoek  wrote  to  the  Royal  Society  of  Lon- 
don about  his  experiments  and  observations,  the 
scierice  of  microbiology  was  started. 


2.  Contributions  of  Important  Bacteriologists 

2-1.  Belief  in  the  theory  that  living  organisms 
could  originate  from  nonliving  matter  made  it 
easy  to  explain  the  presence  of  biological  beings, 
but  hampered  research  for  scientific  truths.  In 
fact,  spontaneous  generation  was  so  commonly 
accepted  that  one. could  purchase  a  recipe  book 
which  contained  a  formula  for  producing  mice 
by  simply  placing  a  pair  of  old  trousers,  an  old 
shoe,  and  a  few  crumbs  of  food  \k  a  quiet,  dark 
corner!  In  a  few  days  or  so  rn^icdLwould  indeed 
be  found  in  the  corner,  or  at  leasr  evidence  that 
they  had  been  there.  Fortunately,  there  were 
individuals  who  would  not  accept  such  examples 
as  truths.  ^  * 

2-2.  FrancesjpxRedi.  Jfrancesco  Redi  (1626- 
1697)  wanted  to  disppeve  once,  and  for  all  the 
theory  that  putrefying  meat  gave  rise,  spontane- 
ously,  to  living  worms  or  maggots.   His  simplP* 
and  classical  experiment  consisted  of  three  jars 
into  which  he  placed  pieces  of  fresh  meat.  Me 
left  one  jar  open,  thus  exposing  the  meat  to/air* 
and  flies.  Another,he  covered  with  gauze;  while 
still  another  be  se&d  with  a  tight-fitting  lid.  He 
noticed  that  flies  vreited  the  jars  which  were*  ex-^ 
posed  to  the  air,  and  indeed  observed  that  white 
worms  began  forming  on  the  meat  in  the  jar  left 
uncovered.  White  worms  were  also  found  on  the 
gauze  which  covered  one  of  the  jars.  No  worms  ^ 
were  found  in  the  tightly  sealed  jar  although 
putrefaction*  was  evident.  .  * 

2-3.  Redi's  experiment  started  the  beginning 
of  the  end  for  the  theory  of  spontaneous  genera- 
tion, ^his  experiment  was  scientific*  proof  for  the 
day.  The  worms  or  maggots  were  simply  fly 
larvae,  which  eventually  turned  into"  flies.  Of 
course,  advocates  of  spontaneous  generation  tried 
to  discredit  this  evidenc^,  but  their  "efforts  were 
to  no  avail.  '  •  ^ 

2-4.  Lazzaro  Spallanzani.  Lazzaro  Spallanzani 
(4729-1799)/ interested  in  the  work  of  Redi 
and  others,  approached  the  problem  of  span- 
taneous  generation  in  another  way.  He  boiled 
and  sealed  in  glass  jars  various  infusion  broths 
made  from  vegetables  and  meats.  He  noticed 
that  no  putrefaction  or  other  apparent  changes 
occurred  in  the  broths  even  after  long  periods  of 
time.  This  experiment  was  discredited  by  the 
spontaneous  generation  advocates  who  claimed 
that  the  heat  had  destroyed  the  air.  Other  scien- 
tific minds  would  later  apply.  Spallanzani's  prinr 
ciple  to  preserve  food  stuffs,  resulting  in  benefits 
,  we  still  enjoy  today. 

2-5.  Schroeder  and  Van  Dusch.  To  further  dis- 
prove the  theory  of  spontaneous  generation,  two 
scientists,  Schroeder  and  Von  Dusch,  followed 
up  the  experiments  of  boiled  infusions.  However. 
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instead  of  sealing,  they  closed  the  containers 
with  gauze  plugs,  allowing  air  to  enter  th.e  ves- 
sels. Eventually  some  decomposition  took  place 
in' the  broths  naturally.  This  led  Schroeder  to 
wonder  if  the  broth  changes  were  caused  by 
organized  microscopic  germs,  or  some  unknown 
chemical  substance.  >  The  decomposition  was  later 
attributed  to  oxygen.  The  cotton  plugs  had  kept 
bacteria,  flies,  and  other  particles  out  of  the  t 
broth  and  are  still  used  to 'great  advantage  in 
modern  day  bacteriology  / 

2-6.  Edward  Jenner.  The-H^th  century  saw 
many  innovations  and  scholarly  contributions  ip) 
the  science  of  microbiology.  Particularly  impor- 
tant were  the  discoveries  of  Edward  Jenner 
(1749-1823)  regarding  immune  .principles.  His 
classical  experiments  in.  developing  and  adminis- 
tering vaccines  are  known  worldwide. 

2-7.  Joseph  Lister.  The  19th  century  saw  the 
use  of  antiseptics  in  surgery^  The  use  of  antisep- 
tics in  surgery  was  advocated  by  Lord  Joseph 
Lister  (1827-1912).  He  proposed^,  the  theory 
that  "'infection  was  due  to  passage  of  minute 
bodies  capable  of  self-multiplication  from  infec- 
tor  to  infected/'  He  soaked  ligatures  in  disin- 
fectants and 'even  went  to  the  extreme  of  per- 
forming operations  under  a  spray  of  phenol  in 
an  effort  to  destroy  and/or  prevent  these  minute 
bodies  from  infecting  the  patient.  Because  of 
his  many  contributions,  the  title,  "Father  of 
Aseptic  Surgery"  wfhs  bestowed  upon  him.  One 
of  his  least-known  credits,  although  questionable, 
is  that  of  being  the  first  person  to  obtain  a  pure  ' 
culture  of  a  microorganism. 

2-8.  Louis  Pasteur.  Probably  the  greatest  blow 
to  the  theory  of  spontaneous  generation  was 
dealt  By  Louis  Pasteur  (1822-1895).  Pasteur's 
simple  experiment,  using  flasks  with- long,  swan- 
heck,  tubular  openings  revealed  that  contamina- 
tion of  nutrient  ^material  could  only:  take  place  . 
when  the  material  Had.  access  to  air  laden  with 
living  microorganisms.  As  the  air  passed  through 
the  tubular  neckv  the  lack  of  air  currents  pre-* 
vented  the  organisms  from  rising  up  the  tube  and" 
gaining  access  to  the  nutrient  material  within' the 
flask.  Consequently,  the  flasks  remained  uncon- 
taminated. 

2-9.  Louis  Pasteur  is  well-known  for  his  work 
on  fermentation,  rabies,  and  anthrax.  Pasteuri- 
zation of  many  of/  our  food  stuffs  is  a  result  of 
his  experiments  and  observations.  A  major  con- 
tributor to  the  "Golden  -Age  of  Bacteriology/' 
Pasteur  is  recognized  as  the  father  of  bacteriol- 
ogy.   In  disproving  the  theory  of  spontaneous 


generation,  he  developed  procedures  which  are 
basic  in  microbiology  today,  \ 

2-10.  Robert  Koch.  Knowledge  of  bacteria' is 
important,  and  bacteriological  techniques  are  of 
prime  concern  to  clinical,  bacteriologists.  The 
.  work  of  Robert  JCoch  ( 1843-1910)  provided  a 
firm  foundation  for  modern-day  techniques.  He 
discovered  and  developed^the  use  of  culture  me- 
dia, was  able  to  isolate  pure  cultures  of  micro- 
organisms, and  introduce  the  rapid-air  drying  of 
thin  bacterial  films  for  staining.  In  laboratory 
research  and  developmenkof  bacteriological  tech- 
niques,- he  established  valid  criteria  for  deter- 
mining the  cause  of  infectious  disease.  These 
criteria  are  known  as  "Koch's  Postulates"  and 
form  the  basis  fpr  the  identification  of  many 
bacteria.  His  classic  wprk  with  tuberculosis 
stands  as  a  tribute  to  these  postulates.  These 
postulates,  briefly  stated,  are: 

•  A  specific  organism  must  always  be  asso- 
ciated with  a  specific  disease. 

•  The  organism  must  be  isolated  in  a  pure 
culture. 

/•  The  organisms  must  cause  the  specific  dis- 
ease in  a  susceptible  animal. 

•  The  organism  must,  ip  turn,  be  isolated  in 
pure  culture  from  the  diseased  animal. 

1 1 .  Improved  bacteriological^  techniques 
make  it  unnecessary  to  go  through  each  step  of 
Kuch's  postulates  in  laboratory  diagnosis  of  most 
^j/seasc?  agents.  There  are  many  organisms  which 
do  not  produce  disease  in  experimental  anirr&ls. 
Furthermore,  certain  organisms  in  pure  culture 
require  close  association  with  another  organism 
in  order  to  produce  infection.  These  postulates 
have  made  a  science  out  of  microbiology  and"  are 
mandatory  requirements  for  successful  investiga- 
tion of  certain  diseases. 

2-12.  Through  careful  observation  and  re- 
cording of  experimental  results,  you  can'  make 
valid  conclusions  in  the  bacteriotdgy  laboratory. 
It  requires  practice,  perserverence,  and  astute- 
ness to  become  a  successful  clinical  bacteriologist 
upon  whom  the  physician  and  patient  rely  for 
determining  the  cause  of  an  infectious  disease. 
You,  as  a  medical  laboratory  technician  must  be 
constantly  ilert  to  new  discoveries  and  concepts 
which  in/prove  medical  bacteriological  tech- 
niques. Tne  words  of  Pasteur  (1854)  admirably 
illustrate  this  point:  "Without  theory,  practice  is 
only  routine;  governed  by  the  force  of  habit. 
Only  theory  can  breed  and  develop  the  spirit  of 
invention,"  Perhaps  in  this  course,  we  can  stimu- 
late and  devfelop  the  spirit  of  invention  in  YOU.. 
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CHAPTER  2 


fa 


Aseptic  Techniques  and  Sterilization  Procedures 


SAFETY  OF  PERSONNEL  is  of  prime  con- 
cern in  any  task  we  do.  It  is  a  major  coacern 
in  microbiology  because  of  the  nature  qf  the 
material  we 'work  with.  Every  specimen  s<nt  to 
the  laboratory  is  a  potential  carrier  of  duease- 
producing  organisms,  and  as  you  become  more 
proficient  you*  might  become  careless.  Through 
your  carelessness  you  can  infect  yourself  iwith  a 
disease-producing  organism,  or  worse  yitt.  be- 
come a  walking  carrier  of  a  disease  and  spread 
the  disease  to  unsuspecting  persons. 

2.  You  must  know  and  use  proper  safety  pro- 
cedures  in  collecting,  handling,  and  processing 
specimens  .to  protect  yourself  and  the  patient 
from  further  dise^k.  You  must  be  able  to  handle 
,  the  specimen  withiafthe  laboratory  withouj  caus- 
ing contamindSfea»i  your  co-workers.  Also,'  you 
rJfbst  be  able"  to  decontaminate  a  contaminated 
area,  give  first  aid  in  case  of  accidental  contamin- 
ation of  yourself  or  a  co-worker,  and  take  the 
right  steps  to  report  accidents.  c 

x  3.  Specimens  are  received  in  the  laboratory 
Fii  a  variety  of  containers  and  by  many  different 
means.  You  must  know  the  various  types  of 
containers  in  use,  their  advantages,  disadvant- 
ages, and  methods  of  sterilizing  them  before  and 
after  use.  You  must  know  how.  to  properly  dis- 
pose of  materials  after  you  have  finished  with 
them.  Also,  you  must  know  how  to  ship  a  speci- 
men properly  to  avoid  bre.al^age  and  contamina- 
tion. As  we  go  along,  we  will  discuss  pertinent 
safety  precautions  as  they  apply  to  individual 
procedures.  r*-w 

3.  Procedures  for  Receiving  and  Collecting 
Specimens 

3-1.  Before  a  specimen  is  processed  in  your 
microbiology  laboratory,  you  must  either  receive 
it  or  collect  it.  Most^ften.  it  is  sent  to  you  after 
it  has  been  collected  by  a  physician  or  nurse. 
On  other  occasions,  the  patient  comes  to  the 
laboratory  and  you  collect  it  yourself.  Let's  look 
at  a  specimen  that  you  might  receive. 


3-2.  Receiving  Specimens,'  All  spjpimens  re- 
ceived in  the  laboratory  must  be  accompanied 
by  the  proper^  Standard  Form  ($F  514  series), 
attached  to  the  container.  These  forms  should 
be  prepared  in  duplicate1"  by  the  patient's  physi- 
cian. Most  often,  they  are  prepared  from  the 
doctors  (orders  by  the  ward  nurse,  the  senior 
medical  service  technician,  or  similar  personnel 
in  the  clinic  service.  If  the  physician  Jias  signed 
the  DD  Form  72J8.  Doctor V  Orders,  he  does  not 
need  to  personally  sign  the  laboratory  request. 

3-3.  All  forms  accompanying  ihe.  specimens 
should  have  the  appropriate  blocks  filled  in-  with 
the  pertinent  information.  Properly  completed 
forms,  with  attention  paid  to. possible  diagnosis 
and  antibiotic  therapy,  will  aid  you  in  isolating 
pafhogcnic  bacteria  with  a  minimum  loss  of  time 
and*  greater  cfficierf6yT  — 

3-4.  Each  specimen  ^container  should  be  la- 
beled in  such  a  way  that  if  the  request  form  is 
separated  from  the  specimen,  the  two  can  be 
quickly  identified  as  belonging  to  each  other. 
The  laboratory  officer  will  designate  th$  appro- 
priate label  for  each  type  of  container.  The  label 
should  be  completed  by  ward  or  clinic  personnel, 
and  should  show  the  name  of  the  patient/  the 
register  number,  Jhe  ward  location  (bed  number, 
etc.),  the  patient  status,  and  any  other  sign/fficant 
data.  It  is  possible  to  have  patients  on  L  ward, 
who  have  the  same  first  names,  last  names,  and 
middle  initials.  If  the  other  data  are  incomplete 
or  incorrect,  a  mixup  can  occur,,  and  y&u  will  not 
be  able  to  tell  which  specimen  belongs  to  wljich 
patient.  This  can  be  of  serious  concern  to  the 
physician  who  is  trying  to  make  a  positive  -dia 
nosis,  and  to  the  patient  he  is  treating.  You,  the 
'laboratory  technician,  should  always  check  the 
container  label  to  assure  yourself  that  the  con- 
tainer and  its  contents  do  go  with  the  rSquest 
form. 

3-5.  The  examination  desired  should  be  indi- 
cated by  a  check  in  the  appropriate  blocks  on  the 
form  or  by  writing  in  any  special  requests.  When 
a  specimen  is  received  in  the  laboratory,  check 


the  request  forlvito  insure' that  you  know  exactly 
\vhaj||s  requestecN^To  aid  you.  *and  for  future 
reference,  the  anatomical  site  from  which  a  spec- 
imen has  been  taken  should  be  adequately  de- 
scribed. For  exampk^you  would  want  to  know 
if  it  is  a  specirr^£rrm  ,4pus  frc^m  wound  of  right 
thigh,"  "purulent  pleural  fluid  from  the  right  side 
of  thorax."  or  "fluid  from  abdomen."  If  you 
know  the  source,  you  can  decide  what  steps  to 
take  to  isolate  and  identify  the  disease-causing 
organism, 

3-6.  Rules  for  Collecting  and  Processing 
Specimens.  Collecting  a  specimen  can  often  be- 
your  responsibility.  At  other  times,  you  may 
have  to  give  instructions  for  proper  collection. 
Improper  collecting  and  processing  of  bacteriol- 
ogy specimens  have  been  definite  factors  in  the 
failure  to  isolate  and  identify  the  bacterial  agent 
of  a  disc.  o.  The  following  are  some  simple  gules' 
for  collecting  and  processing  bacteriological  spfec- 
imens: 

a.  Instruments,  containers,  and  other  equip- 
ment coming  in  direct  contact  with  most  speci- 
mens must  be  sterile  (the  stool  specimen  is  one 
exception).  Material  for  culture  myst  not  come 
in  contact  with  chemicals,  disinfectants,  or  germi- 
cides. 

b.  Material  for  culture  should  "be  obtained  be- 
fore the  patient  receives  antibiotig  or  sulfonamide 
therapy.  If  he  has  received  some  type  of  therapy, 
it  should  be  written  on  the  request  form. 

c.  Specimens  should  be  properly  labeled  and 
dated.  $  i 

d.  Specimens  should  be.  delivered  to  the  mi- 
crobiology laboratory^immediate'ly  after  collec- 
tion, 

•e.  Specimens  should  be  inoculated  to  media 
immediately  after  delivery  to  the  microbiology 
laboratory. 

/•  ^%^>bic  culture  specimens  sh&uld  be  in- 
oculated to  thioglycollate  liquid  medium  at  the 
tim§  the  specimen  is  collected,  or  as  soon  there- 
after as  possible.      *  - 

(?.  To  avoid  contamination,  culture  the  speci- 
men before  making  smears  or  performing  special 
tests. 

3-7.  tHood  spe^intens.  Isolation  of  microorga- 
nisms from  blood  cW  help  the  physician  to  diag- 
nose and  treat  varioinUnfections.  Invasion  of  the 
blood  may  be  transitcW  or  fulminating.  It  de- 
pends upon  the  disease \*ent.  the  primary  focal 
point  of  infection,  and  the  resistance  of  the  host. 
The  terms,  bacteremia  and  septicemia,  are  often 
used  to  describe  these  cbnditions. 

3-8.  Many  blood  cultures  yield  negative  re- 
sults because  samples  are  not  collected  at  the 
proper  stage  of  the  disease.  Specimens  of  blood 


'  should  be  drawn  when  symptoms; indicate  circu- 
latory involvement  such  as  chills,  fever  or  con- 
vulsions. Negative  results  from  a,  single  blood 
culture  do  not  rule  out  septicemia. 

3-9.  You  can  use  many  methods  to  (culture 
•blood.  Regardless  of  the  method  that  you  choose, 
the  blood  should  be  drawn  by  venipuncture,  us- 
ing strict  aseptic  technique.  You  may  immedi- 
ately inoculate  blood' into  broth  at  the  bedside  of 
the  parent,  or  collect  it  and  take  it  to  the  labcrfa^ 
tcry  in  sterile,  capped  test  tubes  containing  sterile 
anticoagulant. 

3-H).  Body  fluid  specimens.   Body  fluids  in- 

(  dude  spinal,  synovial,  pleural,  pericardial,  and 
peritoneal  fluid.  Examination  of  spiral  fluid  is 
important  in  determining  bacterial  meningitis.  In 
many  cases,  emergency  chemotherapepti'c  agents 
are  administered  on  the  basis  of  results  from  a 
microscopic  examination  (gram-stained  smear) 
of  centrifuged  spinal  fluid.  The  genera  of  micro- 
organisms most  frequently  responsible  for  rrkenin- 
gitis  are  Neisseria,  Diplococcus,  Streptococcus, 
Staphylococcus,   Hemophilus,   and  occasionally 

•  Mycobacterium.  One  of  the  fungi  chiefly  respon- 
sible for  a  jype  of  meningitis  is  Cryptococcus 
neo  for  mans  "(Tor  ula).  Neisseria  may  be  found 
in  specimens  of  synovial  fluid  from  arthritic  pa- 
tients. 

-3-11.  When  you  receive  a  body  fluid  for  cul- 
ture, you  should  enter  the  source,  provisional 
diagnosis,  as  well  as  any  antibiotic  therapy'on« 
the/equest  form  SF  514K,  Bacteriology.  *  This 
will  help,  you  to  select  the- proper  media  for 
inoculation  All  body  fluids  are  aspirated  by  a 
physician  and  transported  to  the  laboratory  in 
sterile,  screw-capped  test  tubes.  You  should  not 
waste  any  time  between  collecting  and  culturing 
body  fluids.  These  fluids  contain  enough  fibri- 
nogen to  coagulate  the  fluid  if  we„delay.  Always 
practice  extreme  care  when  handling  body  fluids, 
for  these  fluids  often  contain  highly  infectious^ 
organisms. 

3-12.  Exudate  specimens.  An  exudate  is  ma- 
terial that  has  passetNhrough  the  walls  of  vessels 
into  nearby  tissues  or  areas  of  inflammation. 
Exudates  may  come  from  boils,  wounds,  ear  or 
mastoid  infections,  eye  infections,  and  skin  le- 
sions. 

3-13.  A  .great  variety  of  microorganisms  may 
be  isolated  from  such  areas.  Boils  may  yield 
Staphylococcus  spp,.  Streptococcus  spp.,  and  oc- 
casion^ Gram-negative  bacilli  such  as  Escheri- 
chia spp..  Pseudomonas  rfJ>pM  or  Proteus  spp. 
Deep  wounds,  especially  puncture  wounds,  pro- 
vide- ideal  living  conditions  for  anaerobes,  espe- 
cially Clostridium  spp.  An  infected  wound  that 
exhibits  a  greenish  or  bluish  purulent  discharge 
may  be  a  Pseudomonas  infection.  Exudates  from 
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surgical  or  postoperative  infections  may.  reveal 
anaerobic  Streptococcus  spp.  Ear  and  mastoid 
infections  are  often  caused  by  Pseudomqnast 
Staphylococcus,  or  Streptococcus  spp.  Eye  infec- 
tions may  yield  Hemophilus  or  possibly  Neisseria 
spp.  Purulent  discharges  from  the  urethra  fre- 
quentiy  r,eveal  Neisseria  gonorjheae.  A  Gram- 
stained  smear  of  exudate  from  a  chanchroid  or 
soft  chancre,  usually  reveals  small  Gram^iegative 
rods  of  Hemophilus  ducreyi. 

3-14.  You  may  collect  exudate  material  in  the 
form  of  purutent#  drippings  from  cases  of  ure- 
thritis in  male  patients  on^jjterile,  cotton-tipped 
swabs  or  on  sterile  wire  bacteriological  4oops  and 
inoculated  directly .  into  culture  media.  If  you 
collect  the  urethral  discharge  for  examination  for 
gonorrhea,  use  the  utmost  discretion  and*  tact 
and  give  the  patient  privacy.  Collect  the  speci- 
men with  the  least  amount  of  embarrassment  and 
talk.  When  you  see  the  request,  do  not  broad- 
cast it  for  all  to  hear.  Remember  always  that 
laboratory  requests  and  results  are  privileged, 
confidential  information  and  this  information  is 
between  you  and  the  physician  only. 

3-15.  Fecal  spe/qpiens.  Bacteriological  exam- 
ination of  fecal  specimens  aids  diagnosis  of  gas- 
trointestinal infections  manifested  by  diarrhea 
antf/or  dysentery.  Stool  cultures,  along  with 
blooS  and  urine  cultures,  are  important  aids  in 
diagnosing  typhoid  and  paratyphoid  fevers.  Many 
diseases  are  spread  by:  human  carriers  through 
food  and  drink.  Therefore,  we  perform  stool  cul- 
tures oil  food-handling  personnel  to  supplement 
H  public  health  control  measures. 

3-16.  The  organisms  most  frequentiy  involved 
in  enteric  infections  are  the  Salmonella  and 
Shigella  spp.  Arizona  arizonii  has.b,een  impli- 
cated to  a  lesser  degree.  The  normal  intestinal 
flora  of  the  adult  are  primarily  Escherichia  coli 
f  (E.  coli),  Citrobacter  spp.,  Enterobacter  rcloacaet 
Klebsiella  pneumoniae,  and  Bethesda-Ballerup 
and  Providence  groups.  Pseudomonas  aerugi- 
nosa, Alcaligenes  faecalis,  and  Proteus  spp. /are 
sporadically  present  and  may  be  called  transient 
saprophytes.  Saprophytic  organisms,  including 
Proteus  morganii  and  the  Providence  group,  haive 
been  implicated  as  etiological  agents  of  infant 
diarrhea,  as  has  pathogenic  E.  colL 

3-17.  In  culturing  specimens  of  intestinal  ori- 
gin, the  basic  problem  is  to  isolate  pathogenic 
agents  from  specimens  which  may  contain  large 
numbers  of  saprophytic  organisms.  To  do  this, 
we  use  special,  differential,  selective,  and  inhibi- 
tory media. 

3-18.  Fecal  specimens  should  be  collected  in 
clean,  wide-mouth  containers  with  tight-fitting 
lids.  Cardboard  half-pint  containejs  with  tight- 
fitting  lids  are  generally  used.  The  advantage  of 


their  use  is  that  the  containers  and  contents  caij 
be  incinerated.  Stool  collection  containers  do  noj 
have  to  be  sterile,  but  they  should  always  be 
clean.  Yqu  should  never  mix  specimens  with 
body-  fluids,  or  collect  them  from  bedpans  or 
commodes. 

3-19.  If  you  use  rectal  swabs  for  a  specimen, 
they  should' be  sent  to  the  microbiology  4£bonf-r 
tory  in  clean,  cotton-pfagged  test  tubes.  Reptal 
swabs  are  useful  to  collect  cultures  from  infants 
or  large  numbers  oLpatients.^  You  should  culture 
fecal  material  as  soon  as  possible  aftpr  collection. 
If  culturing  is  delayed,  yop  may  not  isolate  caus-^ 
ative  agents,  particularly  Shigella  spp.,  as  they 
.  die  off  rapidly  aft§r  collection. 

3-20.  Sputum  specimens.  SpHtum  specimens 
are  usually  from  true  or  ^spect^d  cases  of  pneu- 
monia or  tuberculosis.  You  will  use  different  tech- 
niques to  examine  sputum  specimens  for  bacr 
teria  that  cause  penumonia  and  bacteria  that  cause 
tuberculoses.  You  must  be  sure  that  the  request 
clearly  states  the1  type  qf  examination  to  be  per- 
formed. If  in  doubt,  qheck  with  the  physician. 

3-21.  You  should  collect  sputum  for  bacte- 
riological examination  in  sterile,  wide -mouth, 
screw-capped  jars.  In  cases  of  pneumonia,  one 
sputum  specimen  is  usually  enough  for  the  ex- 
amination.* Collect  the(  specimen  as"  soon  as  the 
patient  awakes  in  the  morning.  You  should  ex- 
plain to  the  patient  the  difference  between  spu- 
tum and  spittle.  Sgutum  is  a  secretion,  brought 
up  from  the  lungs  and  bronchial  tree,"  and  is 
usually  associated  with  a  cough,  Spittle  is  noth- 
ing mor*fe  than  an  accumulation  of  saliva  in  the 
mouth.  Spittle  will  not  show  the  bacteria  infect- 
ing the  deeper  regions  of  the  respiratory  system. 

3-22.  Throat  and  nasopharyngeal  'specimens. 
Throat  and  nasopharyngeal  cultures  help  diag- 
nose infections  such  as  streptococcal  sore  tjfiroat, 
scarlet  fever,  diphtheria,  and  whooping  xough. 
They  can  determine  the  focal  point  of  infection 
in  diseases  such  as  rheumatic  fever  and  acute 
glomerulonephritis.  In  epidemiological  studies, 
these  cultures  can  detect  carriers  of  beta  hemoly- 
tic Streptococcus,  hospital  Staphylococcus  spp., 
Corynebacterium  diphtheriae,  and  other  poten- 
tial pathogens. 

3-23.  Collect  throat  and  nasopharyngeal  speci- 
mens under  good  lighting  with  sterile,  fotton- 
tipped  swabs  as  shown  in  figure  2.  You  can  also 
use  a  flexibly  wire,  cottori-tipped  West  swab  as 
shown  in  figure  3.  The  culture  tube  in  which  the 
swab  is  placed  may  contain  sterile,  culture  broth 
to  prevent'  drying  of  the  specimen.  Thioglycollate, 
trypticase  soy,  or  Todd-Hewitt  broth  is  satisfac- 
tory for  this  purpose.  In  figure  4,  we  show  how 
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Ficure  2.    Throat  culture  collection  tube  with  v 


to  depress  the  ■ 
pass  the  sw 
(4AWcros 
,(4B) 

cheek,  or  teeth. 


!th  a' tongue  blade  and* 
ist  the  crypts  and  tonsils 
uck  surface  of  the  pharynx 
ch  the  sw&b  to  the  tongue, 
he 'tongue,  cheek,  and  teeth 
harbor  a  variety  of  organisms  unrelated  to  the 
disease  organisms  which  may  be  pathogenic  and* 
significant  if  isolated  from  the  proper  site.«A 
swab  contaminated  by  contact- with  the  tongue, 
cheek,  or  teeth  may  add  many  confusing  orga- 
nisms and  make  isolation  of  the  pathogen  diffi- 
cult. Place  the  swab  in  a  sterile  test  tube,  and 
immediately  send  the  specimen  to  the  bacteriol- 
ogy laboratory. 

3-24.  When  you.  receive  a'  cotton-tipped  swab" 
for  culture  and  smear,  you  must  remember  to 
make  cultures  before  making  the  smear.  Other- 
wise, bacteria  may  be  transferred  from  the  smear 
slide  to  {he  culture  media  and  we  have  contami- 
nated the  culture.  You  should  discard  the  swabs 
into  a  solution  of  disinfectant.  The  addition  of 
swabs  to  the  solution  tends  to  dilute  it,  thereby, 
lesseriing  its  effectiveness,  and  some  spores  are 
not  destroyed.  Therefore,  you  should  sterilize 
th<?  swabs  and  container  ,  in  the  autoclave  and 
not  discarded  directly  into  a  trash  can.  Remem- 
ber, all  material  received  for  bacteriological  ex- 
amination is  a  potential  hazard  and  can  infect 
you  and  all  others  who  may  contact  the  material. 
Use  caution  when  disposing  of  such  material. 


3-25.  Urine  specimens*.  Uring  cultures  are*  6{ 
value,  in"  diagn&ging  primary  iflfectiotfs,  of  the 
urethera  .(urethritis),  bladder  (cystitis),  an'd 
kidneys  (nephritis).  They  are  also  important 'in  * 
diagnosing  certain  systemic .  infections*  caused  fey 
bacteria  excreted  Via  the  urinary  ttact.  Staphjilo-  * 
coccus  spp.,  Streptococcus  spp.,  and  Neisseria 
goqotrheae  are  the  primary  etiological  agents:  of 

'urethritis;  while  Escherichia,  Proteus,  and  oc- 
casionally Pseudqmonas  spp.  are  causative  agents 
of  cystitis.  Any  ope  or  more  of  these  organisms  * 
may  cause  a'  bacterial  nephritis.  Yet,  many  of 
these  organisms  may  be  common  urine  contami- 
nants. A^  physician  usually  does  not  make  a 
diagnosis  on  the  basis  of  one  urine  culture. 
Rather,  repeated  isolation  of  large  ^numbers  of 
a  particular,  orcanjsm  from  a  series  of  urine 
specimens  is  evidence  for  the*  pathogenicity  of 
an  organism.  , 

3-26.  Ideally,  catheterized  mornipg  specimens 
obtained  aseptically  are  desired  for  all  routine 
bacteria}*  examinations  of  urine^^oided  speci- 
mens are  likely  to  dontain  contaminating  sapro- 

,  phytes.  Where  male  patients  are  concerned,  fol- 
lowing proper  cleansilig  of  the  glaife>  penis,  it  is 
'permissible  to  collect  a  clean  (midstream), 
voided  urine  specimen,  llrine  from  female  pa- 
tients is  best  obtained  "by  catheterization  since 
voided  urine  may  be.  contaminated  with  bacterial 


Figure  3.    West  swab  for  collecting  nasopharyngeal 
specimens. 
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Figure  4.  Collection 

flqra  present  itf*  the  external  genitajia1  or  from 
vaginal  discharges.  You  should  collect  all  speci-' 
ments  in  sterile,  urine  bottles  or  sterile, ,  wide- . 
mouth, '  screw-cappeti  jars.    Delay  between  the 
collecting  and  culturing  of  urine  specimens  may 
contribute  Xo  a  change  in  pH  and  other  char- 
acteristics, of  the  specimen,  resulting  jn  a  high 
death  rate  of  the  organises  present. 
'    3-27.  Urine,  unless  cathetenzed,  should  be  col- 
lected by  the  patient 'himself*  This  may  be  done' 
on  the  tWard  or  the  patient  may  be  sent  to  the 
laboratory  with  the  proper  request  form.  IThc 
physician  will  state  whether  he  wants  a^ctean- 
voided,  midstream,  two-glass,  or  three-glass  urine 
specimen  depending  upon  what  specific  infor- 
mation he  is*  seeding.  You.  must  have  knowl 
of  these  »terms  and  know  what  is  meant  by  tWm 
if  the  proper  collection  is  to  be&made. 

a,  To  collect  a"  clean-vQtded,  urine  specimen, 
the  patient  is  instructed  how  to  wash  the  genitalia 
with  a  suitable  °cleansing  solution.  He  should 
vofd  directly  into  a  sterile,  screw-capped  con- 
tainer without  contaminating  the  inside  of  the 
container. 

b.  When  the  physician  orders  a  midstream 
urine  specimen,  the  patient  is  instructed  how  to 
wash  the  genitalia"  with  a  suitable  cleansing  solu- 
tion and  to  void— discarding  the  first  part  of  the 
urine  stream.  He  is  told  to  collect,  in  a  sterile 


container,  that  part  of  the  urine 
in'.his  opinion,  is  the  middle  third.  The  last  part 
of  the  urine  is  also  voided  and  discardfcd.  The 
patiefy  must  understand4  that  it  is  the  middle 
third  of  the  urine  stream  that  is  desired. 

c.  Sometimes  the  physician  will  prder  a  two- 
glass  or  three-glassy urine  specimen,  "When  either 
of  these  is  ords^J^the  patient  is  instructed  how 
to  wash  tjjfi^enitalia  yvith  a  suitable  cleansing 
solution' a{]d  to  .collect  the  urine  in  two  or  three 
sterile,  screw-capped  containers.  The  patient  is 
given  numbered  bottles  and  told  to  collect  the 
specimens  in  the  order  the  bottles  are  numbered. 
The,  volume  in  each-  tjottle  does  not  matter;  no 
attempt  should  ba  made  to  adjust  the  volumes 
by  pouring  urine  from  one  bottle  to  another.  The 
volumes  should  be  left  as  collected. 

3-2fc  To  avoid  embarrassment  to  yourself  and  ] 
the  patient,  it  is  best  to  have  a  printed  set  of 
instructions  for  each  of  <  the  collections.  When 
the  patient  hands  you  a  request*  form,  all  you 
need  to  do  is"  see  that  the  patient  has  access  to 
containers,  cleansing  material,  and  a  private  place  ** 
to  collect  th&  specimens.  If  the  patient  is  a  child,  * 
give  the  instructions  to  the  accompanying  adult, 
who  in  turn  can  see  to  it  that  the  specimen  is 
properly  collected. 


8 


26 


3-29.  There  are  valid  reasons  for  collecting 
the  urine  specimen  as  described  above.  A  clean- 
voided  urine  can  indicate  an  infection  in  the 
urethra  or  the  anterior  section  of  the  bladder. 
The  midstream  collection  helps  to  pinpoint  an 
infection  in  the  bladder.  The  three-glass  urine 
divides  the  urine  as  coming  from  three  separate 
anatomical  sections  of  the.  urinary  system.  The 
first  is  the  urethra,  the  second  is*  the  bladder, 
and  the  third  is  the  anterior  part  of  the  bladder, 
or  possibly  the  urethers  and  kidney,  as  some 
urine  mtt\  drain  into  the  bladder  when  it  empties. 

3-  30.  Other  methods  of  urine  Collection  are 
done  by  the  physician.  These  methods  include  > 
catheterization  of  the  bladder,  the  ureters  (such 
urine  comes  to  the  laboratory  in  marked  con- 
tainers. rii>ht  ureter  and  left  ureter),  and  possibly 
from  the  kidney  itself.  You  must  remember  to 
handle  each  specimen  carefully  and  to  avoid 
mislabeling  your  cultures. 

4.  Handling  Microbiology  Specimens 

4-  1.  All  specimens  received  in  the  laboratory 
should  be  in  containers  which  haVc-a  clean,  un- 
contaminated  exterior  surface.  It  is  possible  that 
during  delivery  of  the  specimen  from  the  ward, 
place  of  collection,  or  within  the  laboratory  it- 
self, splashing  of  the  contents  may  occur.  If  the 
container  docs  not  have  a  tight-fitting  lid.  some 
of  the  contents  may  seep  around  the  cover  and 
contaminate  the  outer  surface.  This  contami- 
nated surface  i*  a  source  of  infection  to  you  or 
anvonc  else  in  the  laboratory.  Do  not  accept 
any  specimen  which  shows  evidence  of  a  con- 
taminated outer  surface. 

*  4-2.  Wrapped  specimens  (a  common  practice 
with  outpatients),  should  be  unwrapped  and  re- 
moved from  their  wrappers  by  the  person  bring- 
ing the  specimens  to  the  laboratory.  Do  not  let 
the  person  leave  until  you  are  sure  that  a  re- 
quest slip  has  accompanied  the  specimens  and 
that  the  specimens  are  properly  identified. 

4-3.  A  diaper  is  sometimes  brought  to  the 
lahqratory  for  bacteriological  examination  of  its 
contents.  Check  the  request  form  to  see  if  the 
physician  is  interested  in  enteric  bacteria,  then 
the  diaper  contents  are  acceptable  if  the  specimen 
is  fairly  fresh.  If  the  physician  wants  a  check 
for  bacteria  othcrfl  than  enteric  organisms,  another 
fresh  specimen  should  be  .collected  in  a  sterile  * 
container  or  on  a  rectal  swab.*  Do -not  rinse  the 
diaper,  as  this  subjects  you  to  a  source  of  con- 
tamination. . 

4-4.  As  an  added  safety  precaution,  it'  is  wise 

to  use  a  bacteria  isolation  hood  wher.  working 
'   with  highly  contagious  material.  You  should  also 

wear  a  face  mask  and  rubber  gloves  to  prevent 

•  contaminating  yourself.  Perform  all  bacteriological 


work  on  a  nonabsorbent  surface.  You  should 
place  a  disinfectant-soaked  paper  towel  or  similar 
absorbing  material  directly  on  your  working  sut-  • 
face.  This  will  minimize  contamination  caused  by 
droplets  or  spillage  of-a  specimen.  When  you  are 
finished  with  your  work,  the  entire  area  should 
be  wiped  down  with  a  disinfectant. 

4-5.  When  you  mix  liquid  specimens  or  serially 
dilute  broth  cultures,  BE  VERY  CAREFUL.  The 
aerosol  produced  during  these  procedures  is  a 
source  of  danger  and  can  very  easily  spread  a 
"fog"  of  bacteria  throughout  the  immediate  area. 
The  aerosol  can  infect  you  or  another  person 
through  the  ^natural  process  of  breathing.  The 
bacteria  may  not  settle  until  after  you  have 
cleaned  up  and'  left  the  area. 

4-6.  Occasionally,  you  may  centrifuge  a  speci- 
men or  culture  to  concentrate  the  material.  To 
do  this,  you  use  tightly  fitted  screw-capped  tubes 
to  prevent, contamination  \of  the  material  as  well 
as  the  atmosphere.  However,  you  must  be  care- 
ful-in  the  choice  and  care  of  glassware.  Check 
it  before  use  for  cracks  and  chips.  Make  sure 
one  tube  is  balanced  with  another  tube  before 
spinning.  Also,  it  is  important  to  check  your 
centrifuge  for  balance^  Unbalanced,  the  tubes 
may  get  broken,  spreading  dangerous  biological, 
material  all  over  the  laboratory,  or  centrifugal 
force  may  tear  the  head  from  the  motor  shaft. 
Do  not  exceed  the  recommcndiqd  speeds  set  by 
the  manufacturer  of  the  ccntrifugHor  the  glass 
maker. 

4-7.  You  should  stuff  nonabsorbent  cotton  into 
the  mouthpiece  of  all  pipettes  used  in  bacteri- 
ology. The  cotton  should  not  fit  so  tight  that  a 
great  amount  of  suction  is  needed  to  draw  the 
fluid  into  the  pipette.  You  might  suck  the  cotton 
out  of  the  pipette  and  get  a  mouthful  of  bac- 
teria for  your  efforts.  'A  commercial  rubber  suc- 
tion bulb  which  is  easily  controlled  with  the  hand 
should  be  used  with  pipettes.  Here  again,  you 
must  exercise  care  and  not  contaminate  the  bulb. 

4-8.  Remember,  the  steps  you  take  to  prevent 
contamination  of  yourself,  other  persons,  and  the 
laboratory  are  worth  the  effort.  It  takes,  less 
time  to  prevent  contamination  than  it  does  to 
treat  a  person  who  becomes  infected. 

4-9.  Types  of  Containers.  There  are  many 
factors  to  consider  when  choosing  a  container 
for  a  bacteriology  specimen.  The  type  of  speci- 
men; source  of  specimen,  analysis  ^fsircd,  time 
lapse  between  collection  and  media  inoculation, 
and  the  final  disposition  of  the  container  arc  im- 
portant factors.  Each  laboratory,  including  the 
one  in  which  you  arc  now  working,  has  an  es- 
tablished procedure  for  selecting  containers  used 
to  collect  the  various  specimens.  Learn  and  use 
them  only  as  directed.  '  Remember  to  consider 
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the  above  points  in  chopsing  containers  for  speci- 
mens. 

4-10.  The  type  of  specimen  will  be  our  first 
dictate  in  choosing  a  container.  Naturally,  the 
viscosity  of  a  specimen  will  play  a  part  in  our 
choice  between  a  cardboard  or  a  glass  container, 
and  between  a  loose-fitting  or  tight-fitting  lid. 
You  should  collect  fluid  specimens  such  as  urine, 
spinal  fluid,  and  pleural  fluid  in '  a  screw-cup, 
sterile,  glass  container.  Glass  is  easily  sterilized, 
and  is,  therefore,  an  excellent  container  for  most 
specimens.  Wax-coated  cardboard  containers 
cannot  be  sterilized  with  heat  and,  therefore, 
must  be  used  sparingly.  However,  they  are  well 
suited  to  collect  stool  specimens.  The  box  and 
its  contents  can  be  readily  incinerated  after  use. 

4-11.  Certain  body  fluids  may  coagulate  be- 
fore they  get  to  the  laboratory.  In  this  case,  you 
would  use  a  sterile,  screw-capped,  wide-mouth 
glass  jar.  You  would  culture  the  whole  clot,  be- 
cause as  the  clot  forms,  bacteria  along  with  cel- 
lular structures  ' such  as  white  blood  cells,  red 
blood  cells,  and  epithelial  cells,  will  be  caught 
in  the  fibril)  clot.Vlf  you  want  to  inhibit  clotting, 
you  can  use  anticoagulants.  They  must  be 
sterile,  compatible  with  bacterial  life,  and  used 
according  to  the  manufacturer's  directions.  You 
can  avbid  clotting  by  inoculating  the  culture 
media  directly  at  bedside  as  the  specimen  .is 
collected. 

4-12.  A  needle  with  a  large  eye  is  easier  to 
thread  than  a  needle  with  a  small  one.  Likewise, 
a  wide-motfth  container  to  collect  a  sample  is 
easier  to  use  than  a  narrow-mouth  container. 
And  so,  we  must  consider  the  source  of  .the 
specimen.  Urine,  sputum,  tissues,  exudates,  or 
specimens  of  large  'quantity  should  be  collected 
in  various  sizes  of  screw-capped,  wide-mouth  con- 
tainers. Spinal  fluid,  small  quantities  of  urine, 
and  cavity  fluids  can  be  collected  in  small,  screw- 
capped  tubes. 

4-13.  If  you  catheterize  to  obtain  the  urine, 
use  a  sterile,  screw-capped  test  tube.  Test  tubes 
are  easy  to  centrifuge,  so  the  specimen  need  not 
be  transferred  to  a  tube  for  vcentrifugation, 
thereby,  eliminating  a  step  which  could  introduce 
a  source  of  contamination.  You  should  also  col- 
lect spinal  fluid,  because  of  its  usual  small  vol- 
ume, in  sterile,  screw-capped  test  tubes. 

4-14.  The  type  of  analysis  requested  should' 
be  considered  before  choosing  the  type  of  con- 
tainer. Again,  we  refer  to  stool  examination. 
Normally,  we  use  a  clean,  waxed  cardboard  box. 
However,  you  must  use  a  sterile  container  to 
collect  stools  if  you  are  interested  in  other  than 
enteric  organisms.  To  study  various  body  fluids 
for  virus  and  rickettsial-like  organisms,  may  re- 
quire that  you  collept  two  or  more  specimens  a 


few  weeks  apart.  This  means  storing  one  speci- 
men until  you  receive  the  second  one. 

4-15.  If  a  suitably  sized  container  is  not  .se- 
lected, we  may  quickly  run  out  of  storage  space 
for  sterile  and  nonsterile  containers.  Occasionally, 
.24-hour  urine  specimens  are  collected  to  check 
for  tuberculosis  of  the  kidneys.  Storage  (if  con- 
tainers large  enough  for  this  volume  can  pos£ 
a  problem  to  both  the  ward  and  the  laboratory. 
Selection  of  suitable  containers  is  based  on  in- 
telligent forethought  as  to  storage  space. 

4-16.  Another  important  factor  is  the  time 
lapse  between  getting  the  specimen  and  cul- 
turing  it.  It  is  desirable  to  transfer  the  clinical 
material  to  a  suitable  growth  environment  as  soon 
as  possible  after  collection,  but  it  is  possible  to 
hold  some  material  for  a  relatively  long  period 
of  time.  As  an  example,  outpatient  clinics  collect 
throat  and  nasopharyngeal  culture  swabs.  In- 
stead of  these  swabs  going  to  the  laboratory  as 
soon  as  collected,  they  may  be  kept  at  the  clinic 
for  several  hours.  Let's  lace  it!  It  is  better  to 
make  1  trip  carrying  10  or  12  tubes  to  the  lab- 
oratory than  it  is  to  make  10  or  12  trips  carrying 
1  tube  each  trip. 

4-17.  If  too  much*  time  elapses  between  col- 
lection and  delivery,  the  swabs*  may  dry  out  and 
the  chances  of  recovering  pathogenic  organisms 
are  greatly  reduced.- To  prevent  this  happening, 
you  should  place  the  swabs  in  a  tube  of  broth 
or  other  "holding"'  material.  .In  addition*  to  pre- 
venting drying,  there  is  the  advantage  of  giving 
the  bactetia  a  headstart  in  their  growth.  In  turn, 
this  means  that  the  physician  gets  his  report  back 
quicker  and  the  patient  is  assured  of  faster 
treatment. 

4-18,  Do  not  allow  a  specimen  to  stand  a 
great  length  of  time  before  starting  the  necessary 
studies.  Some  fluids,  if  allowed  to  stand,  will 
change  in  their  state  of  acidity  or  alkalinity.  This 
change  may  cause  some  bactefia  to  die  while 
other-  bacteria  grow  and  multiply  faster.  This 
means  that  a  pathogenic  organism  with  a  slow 
growth  rate  may  be  overgrown  by  a  fast-growing 
nonpath^gen.  Current  research  is  investigating 
the  possibility  of  allowing  cotton  swabs  to  dry  in 
order  to  eliminate  saprophytes.  As  this  technique 
is*  not  part  of  this  section,  we  will  not  discuss 
this  work  here.  It  is  important  to  start  the  iden- 
tification procedures,  as  soon  as  possible.  We  must 
impress  our  ward  and  clinic  personnel  with  the 
idea  that  the  specimens  must  get  to  the  labora- 
tory with  the  least  amount  of  delay. 

4-19.  After  all  is  said  and  done,  we  have  to 
dispose  of  the  biological  material.  By  final  dis- 
position we  mean — "What  will  happen  to  the 
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container  and  the  contents  when  we  are  finished 
with  it?"  Do  not  discard  any  contagious  material 
into  a  common  trash  can.  Containers  such  as 
plastic  tubes,  plastic  bottles,  and  wax-coated  card- 
board containers  can  and  should  be  incinerated. 
You  should^  sterilize  glass  containers  by  auto- 
claving  before  the  container  and  its  contents  are 
discarded.  Your  laboratory  has  a  standard  pro- 
cedure for  discarding  contaminated  containers 
and  material.  Know  and  follow  it  to  the  letter! 

4-20.  The  advantages  and  disadvantages  of 
mosfscontainers  center  around  ease  of  steriliza- 
tion. CHuss  containers  can  be  easily  sterilized  by 
autocluving.  by  hot-air  oven,  or  by  the  simple 
expediency  of  boiling  them  in  water  for  the 
proper  length  •  of  time.  This  latter  technique 
means  that  outpatients  can  sterilize  their  own 
bottles  at  home  if  necessary. 

4-21.  Plastic  and  cardboard  containers  are  not 
easily  heat-sterilized.  They  can  be  sterilized  with 
certain  gases,  such  as  ethylene  oxide,  but  most 
laboratories  do  not  have  access  to  this  tfpc 
sterilizer.  The  use  of  disposable  containers  is 
encouraged  for  bacteriological  work.  But  again, 
Nthere  is  a  logistic  problefn  involved  with  their 
use  and  often  wc  cannot  keep  enough  of  the 
necessary  supplies  on  hand.  It  is  essential  that 
you  know  the  container  types,  their  uses,  and 
methods  of  sterilization  in  order  to  choose  a  con- 
tainer style  which  best  meets  the  needs  of  your 
laboratory.'  1 

4-22.  Preservation.  As  a  bacteriology  tech- 
nician, be  certain  that  you  have  performed  all 
the  procedures  the  physician  requested.  Be  ab- 
solutely certain  that  you  start  all  procedures  as 
soon  as  the  specimen  is  received  in  the  labora- 
tory. Only  after  you  are  assured  that  you  have 
done  all  that  is  required,  may  the  specimen  be 
discarded.  However,  you  may  find  it  necessary 
to  preserve  the  specimen  for  future  reference. 
Preserving  bacterial  specimens  must  be  done 
properly  to  insure  correct  identification  of  the 
organisms  at  some  future  date.  There  are  sev- 
eral methods  of  preservation;  the  one  you  use 
will  depend  on  why  you  are  preserving  the 
specimen.  We  will  discuss  the  methods  of  freez- 
ing, freeze-drying.  refrigeration,  dessicating, 
chemicals,  and  the  use  of  holding  media. 

4-23.  Freezing.  You  can  freeze  bacterial 
^specimens  for  a  long  time  at  temperatures  of 
—  70  C.  or  colder.,  Ypu  must  be  aware  of  the 
factors  which  favor  survival  or  cause  death  of 
^microorganisms  subjected  to  low  temperatures. 
Yoii  should  freeze  bacteria  very  carefully.  As 
bacteria  freeze,  ice  crystals  or  spicules  form  in- 
side the  cell.  Large  crystals  pierce  the  cell  wall 
and  cause  mechanical  destruction  of  the*  organism. 
If  you  freeze  the  organism  rapidly,  you  can  pre- 
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vent  the  large*  intracellular  crystals  and  favor  the 
formation  of  small  crystals.  Some  authorities  be- 
lieve that  slow-frfeezing  is  preferred  because  time 
is  allowed  for  the  osmotic  pressure  adjustments 
hptween  the  inferior  of  the  cell  and  the  surround- 
ing fluid.  Freezing  can  be  done  in  a  solution  of 
5  to  50  percent  glycerol  in  saline,  or  in  any  other 
solution  which  will,  slowly  remove  the  water  from 
the  cell  and  prevent  crystallization. 

4-24.  Vou  can  use  the  freezer  section  of  the 
refrigerator  to  freeze  specimens  for  viral  exam- 
ination, whereas,  you  usually  cannot  use  it  to 
freeze  and  preserve  bacteria.  For  viral  studies, 
you  should  collect  at  least  two  specimens  and 
examine  them  simultaneously.  The  first  specimen 
is  marked  "acute  sample,"  and  is  collected  while 
the  patient  has  the  suspected  disease.  The  second 
specimen  is  marked  "convalescent  sample,"  and 
is  collected  2  to  3  weeks  later,  after  the  disease 
has  subsided  and  antibodies  have  had  a  chance 
to  build  up  within  the  body.  Process  both  sam- 
ples together.  As  a  diagnostic  tool,  neither  sarn- 
ie is  good  without  the  other.  The  first  specimen 
.  is  preserved  by  freezing;  firstr  to  prevent  over- 
growth by  bacterial  contaminants,  and  second,  to 
slow  the  metabolism  of  the  virus.  Store  the  acute 
specimen  in  the  freezer  compartment  of  the  re- 
frigerator, pending  receipt  of  the  convalescent 
specimen.  Since  the  stability  of  any  viral  agent 
is  unknown,  freezing1  is  considered  only  a  tem- 
porary measure.  We  will  cover  a  more  complete 
discussiort  on  specimens,  for  viral  studies  in  a 
later  volume. 

4-25.  Freeze  drying.  The  method  of  freeze- 
drying  depends  upon  extreme  cold,  rapid  evap- 
oration of  water,  and  the  use  of  a  vacuum  to 
eliminate  any  water  which  may  crystallize"  First, 
mix  the  bacteria  in  a  suitable  fluid  medium  and 
dispense  the  bacteria  in  small  aliquots  to  glass 
ampules.  Put  the  ampules  into  a  bath  of  carbon 
dioxide  ice  and  alcohol  or  acetone  to  reduce  the 
temperature  to  near  —76°  C.  The  contents  will 
freeze  immediately.  The  contents  are  dried  while 
they  are  in  the  frozen  state  by  using  a  high 
vacuum  which  will  sublimate  the  water.  The 
ampules  are  heat  sealed  while  still  under  vacuum. 
To  reconstitute  this  powder,  you  need  only  add 
a  sterile  broth  medium  or  other  sterile  fluid. 

4-26.  The  preservation  of  bacteria  by  using 
temperatures  ranging  from  0°  C.  to  —76°  C. 
is  probably  most  important  to  the  research  or 
teaching  laboratory.  Many  bacteria  and  mold 
forms  have  been  kept  for  years  at  these  low  tem- 
peratures. In  fact,  some  species  of  bacteria  vVill 
grow  gKen  after  being  subjected  to  temperatures 
as  low  as  —252°  C,  Future  examination  for 
reference  purposes  is  then  possible. 
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4-27.  Refrigeration.  ^Refrigeration  at  4°  C. 
will  slow  the  metabolijb  processes  of  bacteria  to 
the  point  where  multiplication  is  negligible.  By 
this  means  the  number,  size,  and  spacing  of  bac- 
terial colonies  can  be  temporarily  preserved.  If 
you  must  store  a  culture  for  a  day  or  so  because 
of  lack  of  media,  a  holiday,  or  other  reason,  you 
can  preserve  it  by  refrigeration. 

4-28.  Desiccation.  This  method  means  re- 
moving water  by  drying,  and  can  be  used  to 
preserve  certain  bacteria.  Once  preserved  in  this 
^manner,  they  can  survive  for  long  periods  of 
►time.  It  must  be  reqognized  that  some  species 
of  bacteria,  however,  are  readily  killed  by  desic- 
cating procedures  and,  the  choice  of  this  method 
of  preservation  must  be  carefully  made.  Desic- 
cated cultures  are  convenient  because  a  large 
number  of  them  may  be  stored  in  a  small  area. 
Maintained  in  this  manner,  those  bacteria  which 
survive  drying  do  not  produce  mutations  upon 
being  reconstituted.  The  simple  addition  of  a 
sterile  media  will  reconstitute  the.  bacteria. 
Corynebacterium  diphtheriae  have  survived  as 
long  as  15  years,  Mycobacterium  tuberclosis  as 
iong  as  17  yearsv  and  pathogenic  beta  Strepto- 
cocci for  25  years. 

4-29.  Chemicals.  Straight  chemical  preserva- 
tives should  not  be  used  to  preserve  bacteria. 
A  chemical  preservative  can  alter  the  bacteria 
metabolism  and  in  many  instances  cause  death. 
Consequently,  the  chances  of  isolating  bacteria 
from  these  specimens  are  not  good.  If  you  use 
a  container  which  has  held  a  chemical  preserva- 
tive, you  must  clean  and  sterilize  it  before  using 
it  to  collect  specimens  for  microbiological  exam- 
ination. 

4-30.  You  may  use  glycerine  (15  to  20  per- 
cent in  sterile,  buffered  saline)  to  preserve  weil- 
formed,  specimens,  such  as  Stools  and  tissue,  but 
is  of  little  value  for  .preserving  liquid  specimens. 
We  mentioned  in  a  previous  paragraph  that  5 
to  50  percent  glycerine  in  saline  can  be  used  to 
freeze  bacteria. 

4-31.  Holding  media.  A  holding  or  transport 
medium  should  be  used  to  preserve  the  viability 
or  maintain  the  original  number  of  bacteria  in 
material  of  human  origin.  A  medium  such  as 
that  devised  by  Stuart  works  well.  A  good  hold- 
ing medium  should  contain  a  non-nutrient,  soft 
,agar  to  prevent  overgrowth;  charcoal  to  neutralize 
certain  bacterial  inhibitors;  and  a  reducing  agent 
to  prevent  oxidatiori  of  the  medium  components. 
A  holding  medium  is  not  necessarily  a  long-term 
means  of  preserving  bacterial  Eventually,  most 
bacteria  die  due  to  a  change  in  the  medium 
caused  by  moisture  loss. '  Holding  medium  lends 
itself  well  for  shipping  bacteria  to  reference  lab- 


oratories for  confirmation  *and  keeping  reference 
cultures  in  your  own  laboratory. 

4-32.  Shipment.  Many  laboratories  ship  bac- 
terial specimens  to  reference  laboratories  for  ini- 
tial analysis  or  for  confirmation  studies.  All 
specimens  shipped  must  be  accompanied  by  the 
properly  completed  SF  514K,  Bacteriology. 

4-33.  Shipping  specimens  requires  a  knowl- 
edge of  the  specimen  itself,  U.S.  Air  Forte  di- 
rectives, and  United  States  postal  regulations. 
We  will  not  cover  this  material  nor  duplicate 
material  which  is  readily  available.  Your  lab- 
oratory should  have  AFM  160-28,  Methods  of 
Preparing  Pathologic  Specimens  for  Storage  and 
Shipment.  As  a  student  and  future  NCOIC,  you 
should  obtain  a  copy  of  this  manual  and  become 
aware  of  its  contents.  It  is  your  fuide  for  the 
storage  and  shipment  of  specimens.  The  manual 
does  not  give  specific  instructions  for  collecting 
and  processing  bacteriological  specimens  for 
shipment.  We  present  an  outline  for  processing 
various  bacteriological  specimens  in  table  1.  It 
is  also  your  responsibility  to  know  the  specjfic  re- 
quirements of  the  reference  laboratories  you  use. 
Write  or  call  them  for  their  operating  instructions 
concerning  shipment  of  specimens. 

4-34.  Precautions  Against  Contamination  and 
First  Aid.  In  any  highly  technical  field,  you  need 
to  be  very  careful  and  know  ,  the  hazards  that 
exist.  In  microbiology,  you  nped  to  use  more 
than  ordinary  care  to  avoid  trouble.  You  can 
become  infected  or  infect  others  with  sloppy 
techniques  or  through  carelessness.  ¥ 

4-35.  Precaution  ,  agaiiyst  contamination.  At 
times  your  work  areas  will  become  contaminated 
with  pathogenic  organisms.  This  occurs  as  a  re- 
sult of  human  carelessness  and  accidental  break- 
age of  containers  due  to  flaws  or  aerosol  sprays. 
To  prevent  the  spread  of  a  disease  agent  from 
the  contaminated  area,  it  is  essential  that  you 
start  decontamination  procedures  immediately. 
Knowledge  of  these  procedures  is  a  necessary 
part  of  your  job. 

4-36.  You  can  best  carry  out  surface  decon- 
tamination by  using  a  phenol  solution.  Phenol 
compounds  are  absorbed  as  a  thin,  fairly  durable 
film  on  surfaces  to  wmth  they  are  applied.  This 
film .  creates  a  residual  Neffect  and  besides  de- 
stroying bacteria  already  present  on  the  surface, 
serves  to  destroy  bacteria  which  land  on  the  sur- 
face for  several  hours  after  it  is  applied. 

4-37.  Halogens,  heavy  metals,  synthetic  deter- 
gents, and  alcohols  work  well  for  the  first  decon- 
tamination, but  as  a  rule,  lack  the  ability  to  re- 
main potent  for  any  period  of  time. 

4-38.  If  you  fail  to  decontaminate  an  area  im- 
mediately or  as  soon'  as  possible  after  contamina- 
tion, this  may  result  in  contaminating  a  much 


hirgey  area,  yourself,  your  work,  and  everyone 
in  the  vicinity  because  of  air  currents  caused  by 
movement  of  equipment  and  personnel  within  the 
laboratory.  If  you  think  that  an  area  has  become 
contaminated,  decontaminate  immediately.  Do 
not  wait  until  you  have  finished  with  your  work: 
it  may  then  be  too  late. 

4-39.  First,  aid  procedures.   First  aid  proce 
durcs  in  a  bacteriology  laboratory  should  be 
limited  to  those  procedures  which  will  prevent  in- 
fection and  preserve  life  before  you  can  see  a 


physician.  You  must  know  the  methods  of  artifi- 
cial respiration,  the  pressure  points,  how  to  stop 
hemorrhage,  and  how  to  treat  shock.  Attend  any 
and  all  cross-training  courses  to  increase  your 
knowledge  and  proficiency  in  these  areas. 


4-40.  Most  accidents  are  not  serious  and  in- 
clude lacerations,  needle  punctures,  spillage  of 
contaminated  materials,  and  the  improper  use  of 


roi  men  on  ami 

Table  1 

rUOChSSING  OF  BACTIsHlOI.OGICAl 

SPhClMUNS  FOR  SHIPMENT 

Processing  for  Jhip'tent 

Rema rka 

Ascitic   fluid  for  bacterial 
and  fungal  culture . 

» 

Place  aseptically  in  sterile 
containers  without  preser- 
vative . 

Where  tuberculosis  is  suspected, 
see  directions  for  tubercu- 
losis specimens. 

Bacteria,  pure  cultures  of, 
for  identification,  confir- 
mation and  sensitivity  tests 


Grow  in  pure  culture  ou  beef 
infusion  agar  in  screw-cap 
tubes.     Prior  to  shipment, 
tighten  screw-caps  and 
secure  with  adhesive  tape 
or  by  dipping  in  melted 
paraffin . 


lant  subcultures  on  agar  sianis 
and  incubate  12  t*Ll8  hours. 
A  duplicate  of  e^ch  culture 
should  be  retained^in  the  lab- 
oratory of  origin  until  a 
final  report  is  rendered. 


Blood  or  urine  for  culture 


Collect  3  ml.  of  blood  asep- 
tically  before  serum, 
chemo-  or  antibiotic 
therapy  has  begun  and 
transfer  to  rubber- 
stoppered  bottle  contain- 
ing hemoglobin-trypto- 
sephospate  ♦roth  or  other 
suitable  broth. 


sh  ipLe 


Prior  to  shipment, 
specimens  for  12 


incubate 

to  24  hours. 


^crum   for  bacterial   and  cold 
agglutinins,  antibiotic 
level*,  and  complement- 
fixation  tests. 


Collect  blood  aseptically  in 
sterile  evacuated  tubes, 
filling  to  capacity. 


Allow  firm  clot  to  form  before- 
packing  for  shipment.  Blood 
for  cold  agglutination  tests 
must  not  be  refrigerated  until 
cells  are  separated  from  serum. 


Cerebrospinal   fluid  for  bacter- 
ial culture,  ana  antibiotic 
and  sulfonamide  level. 

A  minimum  of  3  ml.  of  fluid 
is  collected  aseptically 
and  inoculated  into 
hemoglobin- tryptosepiios- 
phate  broth. 

Where  tuberculosis  is  suspectcJ, 
see  directions  for  processing 
sucli .  spec  imens  .     Retain  broth 
culture  under  incubation  12  to 
24  hours  prior  to  shipment. 

Throat  cultures  for  C. 

ii'r  hiker iae 

Inoculate  Loeffler's  serum 
slant  with  a/fnesh  throat 
swab.             J  J 

Mail  specimen  immediately. 

Lxudates  for  bacterial  and 
fungal  cultures. 

Place  swabs  aseptically  in 
sterile  screw-capped  con- 
tainers w ithout' preserva- 
t  ive . 

Fecal   specimens  for  bacterial 
culture  (except  tuber- 

cu 1 os : s ) . 


Emulsify  a  5-g.  sample 
aseptically  in  a  sterile 
screw-capped  vessel  con- 
taining one  part  CP. 
glycerin  and  three  parts 
0.6  saline  solution.  If 
shigellosis   is  suspected, 
immediately  freeze  the 
specimen  in  a  solut  ton  of 
alcohol  and  dry   ice.  Pack 
the  frozen  specimen  in 
cardboard  carton  with  dry 
ice  for  sh ipment . 


In 


feces  should  be  collected  from 
patients  with  diarrhea  and  all 
food  handlers  associated  with 
the  outbreak. 
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Table  1  (Cont'd) 


COLLECTION  AND  PROCESSING  OF  BACTERIOLOGICAL  SPECIMEN'S  FOtt  SHIPMENT  (CONT) 


Specimen 


Specimens  for  bacteriological 
examination  following  foqd 
poisoning  outbreaks. 


Procuring  /or  .ihipnaut 


(1)    Any  suspected  canned 
foods  shooAd  be  shipped  un- 
opened in.  original  container. 

(2)  Well  mftxed  representative 
samples  of  sN^Deeted  pre- 

-    pared  food  should  be  placed 
aseptically  in  suitable  con- 
tainers without  preservative. 

(3)  Vomitus  from  all  cases  in 
which  vomiting  is  present 
should  be  placed  aseptical'ly 
in  suitable  sized  sterile 
containers  without  preserva- 
tive.* (4-)  Swabs  from 
lesions  taken  from  food 
handlers  should  be  placed 

in  nutrient  broth  using 
aseptic  technique  and 
transferred  to  sterile'" 
screw-capped  test  tubes. 


Complete  epidemiological  history 
should  accompany  an>*  specimens 
•  taken  fcrom  food  poisoning  out- 
breaks* 


Joint  or  other  body  fluids  for 
bacterial  and  fungal 
cultures. 


Sputum  for  pneumococcus 
culture  or  typing: 


Collect  joint  and  other  body 
fluids  and  transfer  asep- 
tically to  suitable  sized 
sterile  container  without  . 
preservative.    Plant  fluids 
for  mycological  culture  on 
Sabouraud's  media,  or  place 
in  sterile  screw-capped 
containers  without  preserva- 
tive. *  * 


Uect  aseptically  before 
serumt  cherao       or  anti- 
biotic therapy  is  started 
and  place  in  sterile  con- 
tainer without  preserva- 
tive. 


Swabs  for  culture  from  open 
lesions. 


Swab  lesion  with  broth-soaked 
•swab  and  place  aseptically 
in  sterile  screw-capped 
test  tubes. 


Tuberculosis,  specimens  for 
smear,  culture,  and 
animal  inoculation  (other 
than  sputum  and  gastric 
contents) * 


Collect  fluids,  tissue,  or 
feces  in  suitable  sized 
sterile  containers  without 
preservative . 


Specimens  include  ascitic  fluid, 
cerebrospinal  fluid,  joint 
fluid,  pleural  fluid,  pus, 
urine,  lymph  node,  and  other 
tissue  and  feces. 


Tuberculosis,  sputum 
spec  imens 


Collect  all  sputum  coughed  up 
the  morning  after  first 
having  patient  wash  teeth 
and  rinse  mouth  thoroughly 
with  boiled  water.  Place 
entire  specimen  in  a 
sterile  wide-mouthed  screw- 
capped  bottle;  add  an  equal 
volume  of  201  trisodium 
phosphate. 


During  collection,  keep  jars 
out  of  direct  sunlight  or 
the  tubercle  bacillus  will  be 
rendered  nonviable  and,  there- 
fore, unsuitable  for  culture 
or  animal  inoculation.     Do  not 
um0  cardboard  sputum  cups  for 
collection. 


Tuberculosis ,  gastfic 
contents . 


"Through  sterile  stomach 
lavage  tube  introduces 
200  to  300  ml.  of  sterile 
saline  solution  into  fast- 
ing stomach.  Evacuate 
stomach  and  place  entire 
specimen  in  suitable 
sterile  container. 


Prior  to  placing  specimen  in 
shipping  container,  neutralize 
it  to  litmus  with  20  percent 
sodium  bicarbonate. 
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pipettes.  In  all  instances,  you  need  to  take  first 
aid  steps  immediately.  After  you  have  taken 
these  steps,  refer  the  individual  to  a  physician  and 
•  complete^  up  accident  report.  Ground  safety  reg- 
ubtimrc  will  help  you  in  the  proper  procedure. 
Be\sure  vou  report  all  accidents  to  your  NCOIC 
or  OIC.  ") 

4-4  K  Lacerations  of  the  fingers  and  hands  oc- 
cur frequently,  particularly  when  handling 
chipped  or  cracked  glassware.  If  you  do  cut  your- 
self, you  will  usually  have  some  bleeding.  This 
flow  of  blood  flushes  any  bacterial  contamination 
out  of  the  wound.  However,  you  can  still  bjecome 
fefected  because  some  pathogenic  bacteria  may 
enter  the  bloodstream,  where  conditions  are  quite 
favorable  for  optimum  growth.  First  aid  for  a 
laceration  injury  is  to  immediately  cleanse  the 
wound  with  running  water,  then  wrap  the  wound 
with  stet  Ic  material.  Proceed  to  the  treatment 
room  to  see  a  physician.  It  would  help  the  physi- 
cian to  know  what  organism  was  on  the  glass- 
ware causing  the  laceration,  or  the  Source  of  the 
specimen  with  which  you  were  working.  The  phy- 
sician will  be  able  to  better  treat  the  wound  and 
prescribe  medications. 

4-42..  While  working  with  a  needle  and  syringe,, 
it  is  very  easy  to  stick  yourself  with  the  contam- 
inated needle.  A  puncture  wound  is  a  greater 
danger  than  a  laceration  because  little  or  no  bleed- 
ing occurs  with  a  puncture  wound.  Pathogenic 
organisms  are  forced  deep  into  the  tissues.  This 
deeper  penetration  gives  the  bacteria  an  environ- 
ment where  good  growth  can  occur.  Don't  disre- 
gard the  fact  that  you  received  a  needle  puncture. 
See  a  physician  at  once,  before  the  signs  and 
symptoms  of  a  disease  show  themselves. 

4-43.  Careless  spilling  of  a  contaminated  fluid 
cah  very  easily  infect  you  with  pathogenic  or- 
ganisms. Although  a  laceration  or  puncture  does 
not  usually  accompany  spillage,  there  is  a  good 
chance  of  contacting  \\  local  skin  infection  be- 
cause of  large  numbers  of  bacteria  in  a  fluid  me- 
dium, particularly  if  the  material  has  been  incu- 
bating for  some  time.  You  may  have  an  old 
laceration  and  the  bacteria  can  penetrate  the  heal- 
ing tissue. 

4-44,  First  aid  for  spillage  is  to  immediately  ' 
wash  the  affected  area  with  a  disinfectant-type 
detergent  soap,  then  rinse  with  lar^e  amounts  of 
running  water.  You  should  wash  and  rinse  as 
soon  as  possible  after  spillage,  and  before  you 
clean  up  the  bench  or  floor  area.  Clean  and  de- 
contaminate the  spillage  area  after  you  have' 
rinsed  the  contaminated  material  off  your  person. 
Again,  seek  the  advice  of  a  physician. 

4-45.  Pipetting  accidents  are  not  common  in 
the  bacteriology  laboratory,  but  they  do  occur. 
There  are  two  major  ways  in  which  you  might 


contaminate  yourself  while  using  pipettes  during 
bacteriological  analyses:  (1)  misuse  of  suction 
and  (2)  contaminated  pipettes.  It  is  very  easy 
to  receive  a  mouthful  of  contaminated  material 
if  you  do  not  watch  the  level  of  material  in  the 
container  while  applying  suction.  If  you  pull  the 
tip  of  the  pipette  out  of  the  fluid,  the  suction  you 
are  applying  will  draw  the  fluid  in  the  pipefte 
up  through  the  mouthpiece  and  into  your  moutn. 
This  happens  quickly  and  normal  reflex  action  is 
not  enough  to  prevent  contamination.  A  nonab- 
sorbent  cotton  plug  in  the  mouthpiece  of  the 
pipette  can  prevent  sojne  of  this  contamination. 
A  rubber  bulb  to  apply  suction,  is  safer  and  is 
recommended.  If  you  receive  a  mouthful  of  con- 
taminated material,  rinse  your  mouth  imme- 
diately with  water  and  then  use  a  good  disin- 
fectant mouthwash.  Seek  the  advice  of  a, 
physician. 

4-46.  Another  means  of  contaminating  an  area 
is  to  lay  a  contaminated  pipette  down  on  the^ 
bench  top.  When  you  finish  using  a  pipette,  im- 
mediately put  it  in  a  disinfectant  solution.  Do  not 
lay  it  down  on  the  bench.  You  might  pick  up  the 
dirty  pipette  to  use  again.  This  may  contaminate 
your  fingers,  and  when  you  use  your  finger  or 
thumb  to  control  the  flow  of  fluid  by  applying 
pressure  to  the  mouthpiece,  you  transfer  bacteria 
to  the  mouthpiece.  Then,  sticking  the  mouthpiece 
in  your  mouth  will  contaminate  you.  This  type 
of  contamination  is  the  hardest  to  realize  because 
there  is  no  gross  reiffinder  of'  the  contamination. 
Get  into  the  habit  of  always  discarding  a  used 
pipette  directly  into  a  solution  of  disinfectant  and 
use  a  .new  pipette  for  each  step.  Do  not  lay' a 
pipette  down  and  pick  it  up  to  use  again. 

4-47.  Contamination  of  the  hands  is  another 
source  of  infection.  For  this  reason,  you  should 
always  wash  your  h^nds  before  leaving  the  area. 
This  is  ,  a  time-consuming  procedure,  but  it  is  a 
necessary  one  if  you  wish  to  eliminate  a  source 
of  danger  to  everyone  you  may  contact.  Smok- 
ing is  another  source  of  infection.  Many  techni- 
cians will  lay  their  cigarette,  cigar,  or  pipe  on 
the  edge  of  a  bench  instead  of  in  an  ash  tray. 
The  ^subsequent  insertion  into  the  mouth  can  be  a 
source  of  contamination.  Do  not  smoke,  eat,  or 
drink  in  the  procedures  area  of  the  laboratory. 

4-48.  Every  laboratory  has,  or  should  have,  in 
existence  a  standard  procedure  to  follow  in  *the 
event  it  becomes  necessary  to  report  an  accident. 
If  you  become  ill  after  contamination  due  to  an 
accident  and  the  illness  is  attributed  to  the  same 
"organism  wjth  which  yojyi  were  previously  ex- 
posed, diagnosis,  treatment,  and  prognosis  of  the 
infection  is  made  easier.  TJhis  also  makes  the 
analysis  of  your  health  records  for  future  disabil- 
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ity  claims  easier  to  interpret  :and  evaluate.  Acci- 
dent reporting  protects  you,  so  don't  neglect  it.* 
Do  not  let  your  co-workers  forget  it,  either.  You 
are  in  a  field  where  occupatiohal  diseases  are 
as  numerous  as  the  number  of  pathogflpic  bac- 
teria. Only  by  being  careful  with  your  techniques 
can  you  hope  to  prevent  injury  to  yourself  and 
your  co-workers. 

5.  Sterilizath*iy-<frid  Disinfection 

5-1.  Bacteriological  identification  requires  that 
pure  cultures  of  microorganisms  be  studied.  Since 
microorganisms  are  everywhere,  all  materials* 
that  you  use  to  cultivate  bacteria  must  be  sterile. 
It  is  important  that  you,  as  a  bacteriology  techni- 
cian, know  the  methods  of  removing,  killing,  or 
preventing  (inhibiting)  the  growth  of  microor- 
ganisms. The  many  different  kinds  of  organisms 
vary  in  the  manner  by  which  they  can  be  de- 
stroyed. Therefore,  no  single  method  of  steriliza- 
tion is  suitable  for  all  organisms  or  all  situations. 
Certain  facts  can  guide  you  to  select  the  best 
method  of  sterilization. 

5-2.'  Sterilization  Fundamentals.  There  are 
four  basic  reasons  for  sterilizing  materials: 

•  To  prevent  infection  of  man. 

•  To  prevent  contamination  of  materials  used 
to  obtain  pure  cultures. 

•  To  prevent  interference  by  contaminating 
microorganisms  in  tj^ese  processes  which're- 
quire  pure  cultures.  * 

•  To  prevent  spoilage  due  to  bacterial  con- 
tamination. 

-  5-3.  There  are  three  generally  , accepted  meth- 
ods of  sterilization: 

•  By  physical  agents  such  as  heat  and^yjlra- 
violet  radiation. 

•  By  mechanical  (filtration). 

•  By  chemical  agents. 

5-4.  Common  terms  of  sterilization.  We  will 
discuss  definitions  of  common  terms,  the  princi- 
ples of  methods  of  sterilization,  methods  of  ster- 
ilization, standardization  of  disinfectants,  and 
-  ^septic  techniques.  Let  us  begin  with  terms  asso- 
ciated with  sterilization.  It  is  essential  for  you  to 
know  the  terminology  if  you  are  to  use  the  var- 
ious agents  correctly  for  the  purpose  of  steriliza- 
tion. 

5-5.  Sterilization  means  the  complete  destruc- 
tion or  rerrtoval  of  all  living  forms  of  microor- 
ganisms. By  living  forms,  we  mean  the  spore  or 
testing  phase  of  the  organism  as  well  as  the  vege- 
tative form.  x 

5-6.  A  disinfectant  is  a  chemical  agent  which 
will  kill  microorganisms.  This  does  not  necessar- 
ily mean  sterilization,  although  some  methods  of 


disinfecting  can  also  sterilize.  Generally,  dis- 
infectants will  kill  the  living  vegetative  forms  of 
microorganisms* but  not  the  heat-resistant  spores. 
Synonyms  for  disinfectant  are  germicide  and  bac- 
tericide, both  of  which  are  used  quite  extensively. 

5-7.  A$  antiseptic  is  a  substance  which  can  in- 
hibit the  growth  of  microorganisms  without  ac-# 
"  tuallyf  killing  them.  Antiseptics  are  generally  used 
-to  inhibit  organisms  which  came  jn  contact  with 
the  body.  Although  the  terms  "bacteriostasis" 
and  "antibiotic"  have  the  same  definition  as  anti- 
septic, they  have  a  different  significance. 

5-8.  The  suffix  of  bacteriostasis,  stasis,  means 
"to  stand  still."  Bacteriostatic  agents  do  not 
cause  the  immediate  death  of  microorganisms,  but 
instead  prevent  multiplication.  The  micro- 
organisms will  eventually  die  without  a  significant 
increase  in  their  numbers.  Good  examples  of  a 
bacteriostatic  agent  are  low  temperature,  desicca- 
tion (of  some  organisms),  and  antibiotics. 

5-9.  An  antibiotic,  literally  translated,  means 
"antigrowth  substance"  or  "growth  inhibitor."  Its 
effects  are  similar  to  bacteriostasis  and,  in  fact, 
act  as  a  bacteriostatic  agent. 

5-10.  In  a  previous  paragraph  we  referred  to 
sterilization  as  being  the  complete  destruction  of 
bacterial  life.  Different  bacteria  are  affected  in 
different  ways,  so  let's  discuss  thesfe  effects. 

5-11.  Viability  of  organisms.  Viability  means 
"ability  to  live."  To  remain  viable,  organisms 
must  be  able  to  propagate  over  an  extended  pe- 
riod when  placed  in  a  suitable  environment.  "To 
do  this,  bacteria  must  carry  out  the  vital  processes 
of  life.  They  need  water  to  maintain  the  proper 
cytoplasm  consistency  and  osmotic  stability.  They 
need  food,  oxygen  or  carbon  dioxide,  a  proper 
temperature,  and  the  correct  acid-base  environ- 
ment. If  these  are  available,  the  metabolism  of 
the  organism  takes  place  within  the  cell  and  mul- 
tiplication results.  Removal  of  the  water  or  al- 
tering the  physical  conditions  that  control  the 
chemical  metabolism  can  cause  the  organism  to 
die.  There  are.  however,  certain  bacteria  which 
can  survive  this  alteration.  To  destroy  them,  it  is 
necessary  to  a£t  on  their  internal' metabolic  proc- 
esses. 

5-12.  The  variations  in  susceptibility  of  micro- 
organisms to  various  methods  of  sterilization  are 
very  important  whfi^choosing  a  means  of  steriliza- 
tion and  the  conditions  under. which  sterilization 
can  take  place.  There  are  essentially  six  con- 
siderations to  be  investigated: 

•  Related  genus. 

•  Growth  curve  (stage  of  organism). 

•  Presence  of  organic  matter. 

•  Temperature. 

•  Time. 

•  pH. 
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AITROMMATK  TIMI:   IN  HOUKS 
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Lou  a  v  i  t  hm  ic     ro^  t  h  Pha  so 


Stationary  Phase 
Senescent  Phase 


Figure  5.   Typical  growth  curve  of  a  bacterial  culture. 


?  5-13.  As  you  will  learn  in  a  later  chapter,  a 
genus  of  bacteria  refers  to  a  group  of  related  or- 
ganisms. A  simple  example  may  help  to  explain 
this  now.  The  organisms/  Staphylococcus  •  and 
Bacillus  have  enough  morphological  and  biochem- 
ical behavior  differences  to  belong  to  separate  gen- 
era. The  biochemical  behavior  between  genera 
is  at  times  sufficiently  different  to  warrant  the  se- 
lection of  a  different  means  of  sterilization.  The 
main  difference  existing  between  genera  which 
affects  the  choice  of  sterilization  methods  is  the 
organism's  ability  to  produce  spores..  Spore  pro- 
ducers arc  much  harder  to  destroy  in  the  spore 
stage  than  in  the  vegetative  stage.  Bacillus  is  a 
spore-former:  Staphylococcus  is  not.  Bacillus 
needs  to  be  sterilized  by  heat  and  pressure  (auto- 
claving) . 

5-14.  'All  microorganisms  go  through  four 
phases  during  their  life  cycles  or  growth  curves. 
They  are:  ' 

a.  Lag  phase.  This  the  period  of  time  it  takes 
the  organism  to  become  acclimatized  to  its  new 
surroundings.  Multiplication  has  not  yet  begun  or 
is  minimal. 

h  Logariihmifc  phase.  In  this  phase  the  bac- 
teria reproduce  at  a  logarithmic  rate,  that  is,  one 
becomes  two.  two  becomes  four,  four  becomes 
eight,  etc.  The  colonies  increase  in  sizfe  and  gain 
their  'characteristics  during  this  stage. 

r\  Stationary  phase.  At  this  point  of  growth 
there  are  about  as  many  bacteria  dying  |s  there 


are  being  produced.  The  number  of  viable  or- 
ganisms have  reached  a  maximum. 

d.  Senescent  or  death  phase.  More  bacteria 
are  dying  than  are  being  produced.  Eventually  all 
will  die  because  of  the  lack  of  nutrients  and  a 
change  in  pH  due  to  waste  products. 

5-15.  During  the  first  two  phases  and  through 
part  of  the  third  phase  the  organisms. are  .young 
and  growfeg.  Their  enzymatic  functions  are  fairly 
rapid  and  *  their  cell  walls  are  vulnerable  to  the 
effects  of  the  various  sterilization  techniques.  As 
the  bacteria  become  old,  their  functions  slow  down 
and  those  that  can.  begin » to  go  into  a  resting 
stage.  At  this  point,  killing  the  organism  becomes 
more  difficult.  #  It  is  easier  to  destroy  a  young 
growth  of  bacteria  than  an  old  one.  You  will^ 
easily  recognize  which  phase  the  bacteria  are  in 
as  you  work  with  cultures;  Notice  the  four  phases 
shown  in  figure  5.  It  will  .be  easy  fpr  you  to 
select  sterilization  and  decontaminating  proce- 
dures. ' 

5-16.  Most  disinfectants  have  a  general  affin- 
ity for  the  protein  and  protoplasnyof  the  bacteria.  • 
Consequently,  the  presence  of  extraneous  quan- 
tities of  blood  serum,  mucus,  or  feces  may  protect 
the  organisms  by  combining  with  the  disinfectant 
before  the  disinfectant  has  a  chance  to  affect  the 
bacterial  cell.  Because  of  this,  culture  growths 
are  easier  to  sterilize  than  body  fluids. 


17 


35 


PHENOL 


.  Bacteria  * 
Per  ml  50- 
{%  Survivors) 


90  120  150 
Time  in  Minutes 


180     210  240 


Figure  6.   Chart — concentration  ys  affect. 


5-1.7.  No  routinely  used  disinfectant  acts  im- 
mediately. It  takes  time  for  a  disinfectant  to  act 
and  this  depends  upon  several  factors,  four  of 
which  are: 

•  Concgfltration  of  organisms. 

•  Gtfrl^entration  of  disinfectant. 

•  Temperature. 

•  Presence  of  cells  in  the  culture  having  vary- 
ing susceptibilities., 

5-18.  The  true  concentration  can  refer  to  the 
dilution  of  the  disinfectant  or  to  the  number  of 
organisms  in  the  culture.  The  more  concentrated 


the  disinfectant  (within  limits),  the  more  effec- 
tive it  will  be.  The  relation  of  concentration  to 
effectiveness^  is  shown  in  figure  6.  The  concen- 
tration of  most  disinfectants  is  stated  on  the  label. 
You  should  always  follow  the  manufacturer's  in- 
structions for  using  and  diluting  any  disinfectant. 
The  concentration  at  which  a  disinfectant  is  used 

f  determines  how  effective  it  will  be.  Any  disin- 
fectant has  an  optimum  dilution  where  it  will  do 
the  best  job. 

5-19.  The  warmer  the  disinfectant,  the  more 
effective  ir  is  and  the  quicker  it  will  react.  A 

^  higher  temperature  generally  increases  a  disin- 
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fectanfs  effectiveness  by  decreasing  the  viscosity, 
increasing  the  acidity  of  the  bacterial  surround- 
ings, and  lowering  the  bacterial  surface  tension. 
Heating  too  much  can  decrease  the  disinfectant's 
effectiveness  by  diminishing  adsorption  to  the  cell 
wall.  We  can  say  that  the  temperature  effect  in 
this  type  of  reaction  is  similar  to  that  created  in  a 
chemical  rcuctiqp:  the  temperature  increases  in 
arithmetic  progression,  while  the, speed  of  the  re- 
action proceeds  in  a  geometrical  progression.  The 
temperature  and  reaction  speeds  arc  diagrammed 
in  figure  7.  Keep  in  mind,  however,  that  high 
temperatures  may  destroy  the  disinfectant,  there- 
fore, heating  disinfectants  should  be  done  care- 
fully. 

5-20.  Increasing  the  acid  or  alkaline  (basic) 
properties  (pH)  of  the  disinfectant  increases  the 
effectiveness.  Heat,  as  used  for  sterilization,  in- 
creases the  acidity  of  the  solution  surrounding  the 
cells.  This  change  in  pH  affects  some  of  the 
metabolic  processes  of  the  bacterial  cell.  As  a 
result,  the  bacteria  may  die. 


5-21.  Physical  Agent  Sterilization.  There  are 
many  physical  meqns  of  killing  or  inhibiting  the 


growth  of  microorganisms.  Methods  in  common 
use  include: 

•  -Moist  heat. 

•  Steam  under  pressure. 

•  Dry  heat. 

•  Incineration  (open  flame). 

•  Ultraviolet  radiation. 

•  Mechanical  (filtration). 

In  the  following  paragraphs,  we  will  discuss  each 
of  these  methods  separately  and  give  you  a  work- 
ing knowledge  of  the  principles  on  which  they 
work.  , 

5-22.  Moist  heat.  Moist  heat  (boiling  in  water 
and  steam)  will  coagulate  the  protein  within  the 
bacterial  cell.  This  occurs  in  two  stages:  (1) 
the  water  reacts  with  the  protein  (denaturation) 
and  (2)-  the  altered  protein  separates  out  as  par- 
ticles (flocculation).  Coagulation  "of  the  protein 
is  directly  related  to  time  and  temperature.  Dif- 
ferent gqnera  of  microorganisms  vary  in  their  sus- 
ceptibility to  heat  and  no  one  temperature  can 
cause  the  tfeath  of  all  genera. 
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5-23.  Using  boiling  water  for  disinfecting  pur-, 
poses  is  a  simple  procedure.  You  can  use  it  al- 
most any  place  where  'water  and  a  container  to 
boil  the  water  are  available.  Boiling  is  a  good 
method  foe  disinfecting;  however,  it  can  never  be 
depended  upon  for  complete  sterilization,  espe- 
cially at  elevations  above  sea  level.  Ordinarily  a 
5-minute  boilihgorocedure  in  New' York  Ci'ty, 
which  is  at  sea  levjel ,  would  be  sufficient  to  ster- 
ilize water.  However,  it  would  take  a  much  longer 
time  to  sterilize  water  at  Tahoe,  Nevada,  where  * 
the  altitude  is  6,225  feet.  > 

5-24.  If  boiling  is  used  for  sterilization,  as 
might  be  the  case  with  outpatients  for  sterilizing  s 
their  own  containers,  sufficient  time  must -tie  al- 
lowed to  compensate  for  the  difference  in  altitude 
and  the  change  in  the  boiling  point.  Remember 
also  that  spores  may  remain  alive  after  hours  of^  * 
boiling.  Use  boiling  as  a  means  of  sterilization 
under  carefully  controlled  conditions. 

5-25.  The  inspissator  is  another  means  of 
moist-heat  sterilization.  Certain  materials  are^il- 
tered  or  completely  destroyed  at  a  temperature  of 
100°  C.  Foir  example,  blood  s^rum  is  not  suitable 
for  use  in  instances  where  if  has  been  subjected 
to  temperatures  above  90°  CvArv  inspissator  will 
allow  the  temperature  to  rise  slowly  between  80° 
C.  and  90°  C.  Most  laboratories  do  not  have  fa- 
cilities or  requirements  to  warrant  the  use  of  an 
inspissator.  It  is  also  time  consuming.  Hft  is  best  ' 
to  purchase  any  medium  which  requires  inspissa- 
tion  directly  from  a  commercial  concern.  When 
received  it  is  usually  ready  for  use. 

5-26.  Steam.  The  use  of  moist  heat  in  the  form 
of  steam,  for  the  purpose  of  sterilization  can  be 
divided  into  two  groups. 

•  Free-rflowing  steam. 

•  Autoclaving  (compressed  steam). 

5-27.  To  get  free-flowing  steam,  you  use  a  cov- 
ered container  to  hold  steam  without  building  up 
pressure.  You  should  remember  that  free  steam, 
as  with  boiling  water,  does  not  reach  a  tempera- 
ture above  100°  C.  or  212°  F.  In  higher  eleva- 
tions the  temperature  whuld  be  even  less.  ^ 

5-28.  A  British  scientist,  Tyndall,  noticed  that 
after  boiling  and  standing  for  a  period  of  24  hours 
at  room  temperature,  the  dormant  and  heat-re- 
sistant spores*  in  a  solution  would  germinate  and 
grow.  Reboiling  would  then  kill  these  forms, 

5-29.  The  Arnold  Sterilizer  uses  this  principle. 
Expose  the  material  to  be  sterilized  to  flowing 
steam  for  15  to  30  minutes  on  3  consecutive  days 
in  the  sterilizer.  Each  day  after  steaming,  the  ma- 
terial is  allowed  to  cool  and  incubate;  this  allows 
the  spores  to  germinate  into  the  vegetative  form. 
After  the  third  steaming,  the  material  should  not 
contain  viable  spores  and  is/-considered  sterile. 
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5-30.  Fractional  sterilization  (Tyndallization), 
using  an  Arnold  Sterilizer,  is  a  practical  means 
for  sterilizing  materials  which  can  be  injured  by 
excessive  heat.  „You  may  sterilize  certain  media, 
such  as  gelatin,  sugars,  and  potatoes  used  for  bac- 
teriological procedures  by  this  procedure. 
^  5-31.  The  autoclave  will  kill  microorganisms; 
including  heat-resistant  spores,  with  moist  heat -at 
temperatures  abomthat  of  boiling  water.  Water 
boils  when  the  vv^Bt  pressure  isnequal  to  the  pres- 
sure of  the  surrounding  atmosphefe>^Hence,  if 
the  pressure  is  increased  in  a  sealed  vesSst-,  the 
boiling  point  will  rise  above  100°  C.  In  a  closed 
system,  the  exact  temperature  at  which  water 
will  boil  depends  upon  the  pressure  employed. 
Sinde  it  is  not  the  pressure,  but  the  temperature 
and  moisture  which  are  the  effective  lethal  agents, 
the  autoclave  is  equipped  with  a  thermometer  as 
well  as  a  pressure  gauge.  The  exposure  time 
should,  be  based  on  the  temperature  reading 
rather  than  the  pressure  reading,  because  air 
trapped  in  the  chamber  may  cause  the  pressure 
to  build  up  before  the  desired  temperature  is 
reached.  The  maximum  temperature  correspond-^ 
ing  to  any  given  pressure  can  only  be  obtained  \ 
when  the  interiorof  the  vessel  is  saturated  withy 
steam,  In  table  2,  the  temperature  attained  at 
different  pressures  of  saturated  steam  is  given. 
Only  culture  media,  solutions,  or  materials  which 
are  not  destroyed  or  altered  by  excessive  heat 
should  be  subjected  to  autoclave  sterilization. 

5-32.  To  achieve  the  desired  results  through 
autoclave  sterilization,  'you  must  observe  the  fol- 
lowing principles: 

a.  The  autoclave  must  be  in  proper  operating 
condition  and  should  be  periodically  evaluated. 
The  following  cleaning  procedure  should  be  used 
to  insure  proper  functioning.1 

Step  1  (daily  procedure):  Wash  inside  of  ster-  * 
ilizer,  Hising  Calgomte  solution.  Never  use  strong 
abrasives,  steel  wool,  etc.  A  long-handle  cellulose 
sponge  mop  is  helpful  in  cleaning  the  longer 
chambers,  t Chambers  should  be  cool  before 
cleaning). 

Step  2:  Remove  plug  screen  from  bottom  of 
chamber  and  free  its  openings  from  lint,  sediment, 
etc.  * 

Step  3  (weekly  procedure):  Wash  sterilizer 
leading  car,  usin£  Calgonite.  Remove  plug  screen 
and  flush  chamber  drainline  with  hot  solution  of 
trisodium,  phosphate— 1  ounce  (2  tablespdbn- 
fuls)  to  i  quart  of  hot  Avater.  Follow  with  a- flush 
rinse  of  1  quart  of  tap  water.  * 

6.,  The  autoclave  should  never  be  overloaded. 

c.  Tubes  should  be  packed  loosely  in  baskets 
or  racks  and  never  placed  in  containers  capable 
of  trapping  air. 


1  American  Sterilizer  Company,  Erie.  Pa. 
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i  .  -        Table -2 

PRESSURE  TEMPERATURE  RELATIONSHIPS  IN  THE  AUTOCLAVE 


Temperature  in 
Degrees  Centigrade  ^ 

\  "        Steam  Pressure 
in  Pounds 

108 

116                         •  - 
121 

10 

1  5 

127 

20 

.     •131  ' 

-    25  . 

134'.  ' 

,   30.       '  . 

<i>  Large  quantities  of  media  in  single  containers 
should  be  preheated  to  avoid  undue  time  lag.  If 
possible,  distribute  media  to  several  smaller  con- 
tainers to  affect  complete  heating  and  steriliza- 
tion. 

e.  AH  air  must  be  exhausted  from  the  auto- 
clave and  the  temperature  reached  Hefore  timing- 
the  sterilisation  cycle.  * 

b/.  Media  should  never  be  overabtoclaved  or  re- 
autoclave^.  , 

g.  Flasks  and  tubes  -should  never  be  filled  to 
more  tjjan  -tttfo-thirds  capacity  (one-half  capacity 
is  better). 

7i.  All  media  should  be  removed  from  the  au- 
toclave as  soon  as  possible  after  sterilizing. 

/.  An  autoclave  temperature  of  121°  C.  at  15 
pounds- pressure  for  15  minutes  or  longer*  is  re- 
quired for  the  sterilization  of  most  of  the  mate- 
'rialfroutinely  used  in  the  bacteriology  laboratory. 
Figure  8.  illustrates  the  parts  of  the  autoclave  and 
jfie  flow  of  steam  through  the  autoclave. 

5-33.  Dry  heat.  This  method  is  used  when  di- 
rect contact  of  saturated  steam  to  all  surfaces 
of  a  material  is  impractical.  We  use  an  elec- 
trically heated,  thermostatically  controlled  oven  to 
sterilize  glassware  and  metal  utensils. 

5-34.  When  loading  the  dry-heat  sterilizer,  ob- 
serve the  followin^rules: 

a  Do  not  load  the  chamber  to  capacity.  • 

©  Do  not  pack,  containers  close  together.  Al- 
low space  between  them  so  that  the  hot  air  can 
circulate. 

a  Do  not  stack  articles' against  side  walls.  The  ' 
hot  a^r  musf  circulate  freely. 

21 


5-35.  The  requirements  for  dry-Jjeat  sterilizing 
depend  on  the  characteristics  of  the  various  items 
•  being  sterilized.  As  a  general  rule,  however,  the 
following  schedule  is  offered': 

172°  C.  for  1  hour.  '  V  * 
160°  C.  for  2  houcs.  > 
121°  C.tor  $  hours  or  longer.; 

The  above  times  an4  temperatures  include  a  rea- 
sonable time  allowance  for  temperature  change 
during  the ,  exposure  time.  All  items  to  be 
sterilized  by  the  dry-heat  rtiethod  must  be  thor- 
oughly cleansed  before  exposure.  Otherwise,  heat 
will  fix  the  grease,  dirt,sand  other  material  to'the 
equipment.  # 

5-36.  Incineration.  .Incinerating  is  a  method  to 
assure  complete  destuction  of  contaminated  ma- 
terials. You  should  use  common  sense  when  de- 
ciding what  may  be  burned,  and  take  cautton  to 
assure  complete  burning  of  the  discarded  material. 
Always  observe  local  practices  inTOie  use  of  the 
incinerator. 

5-37.  Ultraviolet  radiation  (ope ft  flame).  This 
method  of  sterilization  has  come  about  after  pro- 1 
longed  investigation.  There  is  no  doubt  that  light 
and  electomagnetic  rays '  of  short  wavelength  ex- 
ert an  effect  when  absorbed  by  the  ba£terja.  Its 
use  is  limited,  however,  in  that  it  must  be  applied 
directly  to  the  surface  being  sterilized.  It  cannot 
penetrate  glass,  and  exposure  must  be  prolonged. 
Eyes  must  be  protected  irom  the  rays.  It  can  be 
used  to  sterilize  rooms  in  a- hospital,  such  as^the 
operating  room.  It  is  quite  effective  in  killing  mi- 
croorganisms on  the  floor,  walls,  instryment  ta- 
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y^.     *  <z>i<^~>  J  of  this  publication  has(have)  been  deleted  in 


adapting  this  material  for  inclusion  in  the  ^Trial  Implementation  of  a 

Model  System  toY Provide  I lilitary- Curriculum  Materials  for  Use  in  Vocational 

and  Technical "Education;"    deleted  materials  are* cppyrighted  and  could  not 

*  « ■  * 

duplicated  for  use  in  vocational  and  technical  education. 
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Figure  9.    Pyrex  fritted  glass  filter. 

bles,  and  in  the  air.  The  treatment  of  certain 
biological  materials,  such  as  vaccines  and  plasma, 
%  to  kill  any  contaminating  viruses  is  becoming  com- 
mon practice.  In  every  case,  it  is  the  radiation 
and  energy  absorbed  by  the  bacterium  which 
bring  about  its  destruction,  and  not  the  energy 
applied. 

5-38.  Mechanical  (filtration).  Filtration  is  a 
mechanical  means  of  sterilization.  It  removes 
rather  than  destroys  microorganisms  from  the  ma- 
terial to  be  sterilized.  Certain  types  of  media 
are  destroyed  or  altered  by  heat.  Materials  such 
as  carbohydrates,  serum,  ascitic  fluid,  urea,  po- 
tassium, and  tellurite  are  thermolabile.  These 
substances  in  solution  are  passed  through  a  filter 
of  fine  porosity  to  remove  all  bacteria.  Examples 
of  different  types  of  filters  are  listed  below. 

a.  Eerkfield  filters  are  manufactured  from  in- 
fusorial earth.  They  can  be  obtained  in  three 
porosities,  namely,  the  V  (coarse).  N  (normal), 


and  if  (fine).  Only  the  N  and  W  filters  of  this 
typej  should  be  used  for  sterilization. 

b.  Chamberland  filters  are  made  of  unglazed 
'porcelain  in  graded  porosities  designated  L-V 
L-2,  L-3,  etc.  The  filter  gradations  ranging  from 
L-5  to  L-7  are  bacteria  proof. 

c.  Pyrex  brand  filters  consist  of  pulverized 
glass  (fritted  ware)  available  in  VF  or  ultrafine 
porosity  for  bacterial  sterilization.  This  type  is 
shown  in  figure  9.  ' 

d.  Seitz  filters  consist  of  compressed  asbestos 
pads  of  the  K  (germicidal)  porosities,  as  shown 
in  figure  10.  All  the  above  filters,  except  the 
Seitz,  are  permanently  mounted  in  a  funnel.  The 
Seitz  has  filter  pads  which  are  clamped  in  the 
base  of  a  metal  funnel. 

5-3£  Clean  the  Berkfield- filter  by  successive 
boiling  in  2  percent  sodium  carbonate  and  dis- 
tilled water,  then  rinsing  with  water.  Pyrex  fil- 
ters are  cleaned  by  immediately  flushing  with, 
water  under  pressure,  placing  in  hot,  hydrchloric 
acid,  and  thoroughly  rinsing  with  distilled  water. 
Clean  Chamberland  or  porcelain  filters  in  stand- 
ard chromic  acid  washes,  flush  thoroughly  with 
water  under  pressure,  and  riqse  with  distilled  , 
water.  The  Seitz  filter  pads  are  disposable.  You 
must  wash  the  metal  funnel  parts  in  a  detergent 
and  rinse  thoroughly. 

5-40.  The  sterilizing?  effect  of  filters  is  achieved 
mostly  by  adsorption  of  the  microorganisms  to 
the  surface  of  the  filter  and  filter  funnels  rather 
than  by  sieve  action.  All  equipment  used  for 
filtration  must  be  sterilized  prior  to  use.  The 
filter  will  absorb  those  microorganisms  from  the 
fluid  coming  through  the  filter  but,  naturally, 
cannot  remove  those  organisms  below  the  filter. 
Figure  11  is  an  example  of  the  setup  used  for 
filtration. 

5-41,  Another  means  of  filter  sterilizing  is  a 
filter  attachment  on  a  syringe.  This  allows  the 
filter  sterilization  of  small,  amounts  of  fluids.  One 
example  of  this  equipment  is  that  produced  by 
the  Millipore  Filter  Corporation.  Individual  sy- 
ringes with  the  filter  attachment  are  autoclaved 
and  stored  in  a  sterile  condition  until  needed. 
You  fill  the  syringe  by  removing  the  plunger  and 
pouring  the  fluid  into  the  barrel.  Insert  the 
plunger  and  apply  steady  pressure.  This  will 
force  the  fluid  through  the  filter  into  a  sterilized 
tube  or  tubes.  This  method  offers  the  advantage 
of  using  less  medium  and  will  save  on  storage 
sjpace  and  resources. 

5-42.  Chemical  Sterilization.  There  are  three 
sites  in  the  bacterial  cell  that  are  susceptible  tc 
the  action  of  chemical  agents.  These  are  surface 
layer,  nuclear  material,  and  enzyme  systems. 
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Figure  10.   Seitz  filter. 


Chemical  agents  perform  their  disinfecting  and 
sterilizing  action  on  these  sites  by  coagulation  of 
proteins  as  surfactants,  by  specific  chemical  com- 
binations, and  by  nonspecific  chemical  combina- 
tions. Action  by  chemical  agents  may  be  by 
one  of  more  of  the  above  methods.  A  brief  dis- 
cussion of  each  of  these  methods  follows. 

5-43.  Coagulation  of  proteins  by  surf  acts.  The 
coagulation  of  proteins  is  similar  to  that  of  cook- 
ing an  egg.  The  protein  (albumin  or  white)  of 
the  egg  coagulates  and  turns  white.  Any  agent 
which  can  induce  coagulation  is  lethal  to  a  living 
cell. 

5-44.  Surfactants  are  chemical  agents  which 
coat  the  surface  of  the  organism  and /or  the  sur- 
face of  certain  enzyme  systems  to  prevent  the 
nucroorganism  from  absorbing  or  utilizing  nutri- 
tional substances*  This  will  cause  the  organism 
to  die.  Certain  chemical  agents  injure  or  destroy 
the  cell  wall,"  causing  immediate  lysis  of  the  cell 
or  changes  in  the  cell  membrane  permeability. 
Polymyxin,  an  antibiotic,  works  in  this  manner. 

5-45.  Specific  chemical  combinations.  In  low 
concentrations,  these  enter  the  cell  of  the  micro- 
organism and  stop  or  interfere  with  enzyme 
groups.  Thisjvill  lead  to  bacteriostasis  or  death 


depending  upon  the  type  of  cell  and  chemical 
agent.  The  sulfonamide  drugs  and  many  anti- 
biotics are  effective  in  this  manner. 

5-46.  Nonspecific  chemical  combinations.  These 
chemicals  will  combine  indiscriminately  with  the 
protein  and  other  compounds  within  a  bacterial 
cell.  These  substances  are  nonspecific  in  their 
action  and  will  combine  readily  with  feces,  blood, 
body  tissue,  and  mucus  as  well  as  the  protein  of 
the  microorganisms.  Chlorine,  iodine,  formalde- 
hyde, and  phenol  are  examples. 

5-47.  Chemical  Agents.  Now  that  you  have  a 
brief  understanding  of  the  way  in  which  chemi- 
cal agents  affect  microorganisms,  we  will  discuss 
these  chemical  agents: 

•  Halogens  (oxydizing  agents). 

•  Salts. 

•  Heavy  metals. 

•  Synthetic  detergents. 

•  Organic  solvents. 

•  Dyes. 

•  Gaseous  agents. 

•  Phenols. 

5-48.  Halogens.  Halogens  used  as  disinfect- 
ing agents  are  chlorine,  iodine,  and  bromine. 
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T^^are  u^^  to  j3c 

$-4$*  Chlorine  ife  the  tbtm  of  calcium  or 
sodium  hypoohjoritf  has  &  feactencldal  prop- 
erty* It  coiftm^ 

bleagh  solM^  Although 
chlorifte  k  s^utte e^eti^  ^  a  disSnfectantv  it  has 
feertain  4feft^ 

before  itsingit^  These  are:  -^v\^i-^y-^W^- 

(1)  It  is  readily  neiutratized  by  jrotiiii  arid 
other  organic 

(2)  It  is  poisonous./ 

(3)  It  tends  ^ 

.;  ,  (4)  In  aqueous  solution  it  is  unsuitable  for 
jsolished  surface*  as  it  does  not  spread,  evenly 
over  the  surface.  , ' 

(5 )  It  attacks  metals*  '       '.,  :\ 1 

Chlorine  is  probably      most  effective  agent  for 
Use  in  disinfecting  water.  It  can  be  used  as  a 
1.0:  percent  solution  ^ 
ever,  the  hahd^        develop  a  bad  odor.  (A 
thfasita^  remove  the  odor.)  r 

5-50,  Iodine  is  the  most  active  halogen  m^^ 
antim'icrobjal  effect  As  a  1.0  percent  solution ; 
in  TO  percent  ethanol  of  in  a  potassium  4pdide 


solutfeft  It  is  a  good  disinfectant ^t:.lM:^^': 
However,  Iodine  is  not  used  very  oftefc  ibr  larg<h 
scale  disinfecting  procedures*  ^^N^diise,  5 :  if./.  -"Kfius; 
most  of  the  disadvantages  of  chlorine,  Mutibn^ 
of  iodine  combined  -^Uh  s  surfactant  earner 
(iodophor)  are  available  ebmni^rdallyj 
be  tisicd  for  ,a  variety  pf  purposes,  ihdnding  sani* 
tizing  dishes  and  sterifising  thermometer^  ©tssnlf 
ple$  of  prodiicts  available  commercially  aret 
are  Wescodyne,  Iodide,  and  Betadins. 

5*51 .  Bromine,  although  as  effective  as  chlo-- 
rine,  it  is  v^ 

surfaces.  It  offers  no  advantages  over  chlorine 
and  is  infrequently  used.  C  • 

$~52;.  :£<rir/<^  a  salt 

solution  kills  microbrganisms  is  unknown*  It  does 
have  a  definite  effect  oa  /bacteria,  especially 
whea  mixei  With  a  proper  amount  of  calciinn 
salt.  Although  not  used  often  as  a  disinfectants 
salts  can  be  used  to  help  the  bacteriology  teeth 
nician  prevent  the  growth  of  Certain  genera  of 
microorgaiusms*  With  this  Ipiowledge,  we  can 
reduce  the  work  necessary  to  identify  organisms 
which  ^li^ow  in  broth  with  a  high  concentra- 
tion of  ia  salt  such  as  sodium  chloride^ 

metals  mercury,  silver,  and  copper  have  a  d$f- 
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;  Eigiire  U.  Filter  attached  to  suction. 
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inite  but  limited  use  as  disinfectants.  Their  action 
is  more  bacteriostatic  than  bactericidal.  In  high 
concentrations  they  act  on  the  bacterial  cell  to 
coagulate  the  protein,  but  in  low  concentrations 
they  interfere  with  certain  enzyme  systems.  1 

5-54.  The  more  common  heavy  metal  com- 
pounds in  use  include  mercury  bichloride, 
copper  sulfate,  and  silver  nitrate.  Merthiolate 
(Thimerosol),  .  Mercurochrome,  Argyrol,  and 
Protargol  are  familiar  names  for  commercially 
prepared  solutions  of  the  compounds  of  mercury 
and  silver.  Solutions  of  copper  sulfate  are  used 
mostly  as  fungicides. 

5-55.  Synthetic  detergents.  These  are  often 
used  for  sterilization.  The  word  "detergent*'  is 
derived  from  Latin  and  means  "to  cleanse." 
Detergents  including  household  detergents  are 
strong,  surface  active  agents.  They  are  essentially 
nonirritating  to  raw  surfaces,  and  in  dilutions 
varying  from  1/100  to  about  1/15000,  destroy 
vegetative  forms  of  bacteria.  Some  of  the  syn- 
thetic detergents  will  precipitate  various  proteins, 
agglutinate  bacteria,  and  arc  toxic  to  white  blood 
cells  ("leukocytes).  For  vegetative,  forms  of 
microorganisms  on  the  skin,  detergent  action  is 
more  bacteriostatic  than  bactericidal.  Their  ac- 
tion is  decreased  by  the~presence  of  organic  mat- 
ter and  saline,  but  not  by  distilled  water.  Gen- 
erally, the  Gram-positive  bacteria  are  affected 
more  readily  than  the  Gram-Negative  organisms. 
Detergents  are  essentially  of  three  types — 
anionic,  cationic,  and  nonionic. 

5-56.  Anionic  detergents  consists  of  soaps  and 
fatty  acids  which  yield  a  negatively  charged  ion 
when  mixed  with  a  suitable  solvent.  This  type  of 
detergent  is  more  active  at  an  acid  pH  and  is 
more  effective  against  Gram-positive  organisms. 
Its  lack  of  effectiveness  against  Gram-negative 
organisms  is  thought  to  be*due  to  lack  of  phos- 
pholipid material  at  their  surface.  When  the  de- 
tergent reacts  with  this  phospholipid  in  Gram- 
positive  organisms,  salts  and  formed  and  death 
results. 

w5-57.  The  cationic  group  of  detergents  has  a 
water-soluble  group  of  particles  which  will  disso- 
ciate to  form  positively  charged  ions.  These  ions 
will  be  absorbed  on  the  surface  of  the  negatively 
charged  bacteria,  causing  a  loss  of  semipermea- 
bility  with  a  resultant  leakage  of  phosphorous, 
nitrogen,  and  other  substances  important  to  bac- 
terial metabolism.  Cationic  detergents  are  mo^e 
active  at  an  alkaline  pH.  Zephiran  and  hexa- 
chlorophene  are  examples  of  cationic  detergents. 

5-58.  Nonionic  detergents  do  not  ionize  or 
dissociate  in  water  and  are  therefore  pH  inde- 
pendent. They  are  relatively  nontoxic  and  are 
often  used  as  additions  to  commercial  detergents. 
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Twecn  80,  which  may  even  facilitate  bacterial 
growth,  is  an  example  of  a  nonionic  detergent. 
/  5-59.  You  cannot  use  synthetic  detergents  at 
random.  Your  choice  must  be  made  intelligently 
so  that  maximum  benefit  can  be  achieved.  Do 
not  mix  anionic  and  cationic  detergents  as  the 
negative  and  positive  charges  will  combine  and 
neutralize  each  other  and  cancel  out  the  antisep- 
tic or  disinfectant  effect  desired. 

;^5-60.  Organic  solvents.  Alcohol,  the  most 
usfcd  of  the  group  known  as  organic  solvents. 
<js  a  good  example  of  this  type  of  disinfectant, 
^ou  already  know  that  ethyl  alcohol  (ethanol) 
ljas  an  optimum  disinfectant  quality  at  a  strength 
of  from  50  to  70,,pereent.  A  point  to  remember 
is  that  this  percentage  refers  to  the  final  dilution 
of  alcohol.  To  illustrate — to  disinfect  dry  bac- 
teria, a  solution  of  50  to  70  percent  ethanol  is 
best  and  can  be  used  directly;  but  if  you  wish 
to  disinfect  a  tube  of  broth  containing  viable 
organisms,  it  is  best  to  add  absolute  ethanol  to 
the  broth  so  that  a  final  dilution  of  the  alcohol 
in  the  broth  represents  50  to  70  percent.  The 
addition  of  dilute  alcohol  to  the  broth  tends  to 
dilute  the  alcohol  further  and.  as  a  result,  it  is 
less  effective.  To  disinfect  the  hands,  70  to  80 
percent  alcohol  is  best  if  the  hands  are  dry,  and 
80  to  96  percent  alcohol  if  the  hands  are  wet. 

5-61.  Ethyl  alcohol  in  the  proper  strength 
works  well  to  destroy  the  vegetative  stage  of  bac- 
teria. It  takes  longer  to  kill  dry  bacteria  than 
wet  bacteria.  To  destroy  spore  forms,  the  addi- 
tion of  sulfuric  acid  to  70  percent  alcohol  ( 1 .0 
percent  final  volume  of  sulfuric  acid)  works  ef- 
fectively. You  can  use  also  sodium  hydroxide 
instead  of  sulfuric  acid. 

5-62.  Isopropyl  alcohol  (80  percent)  is  useful 
as  a  skin  disinfectant.  It  is  a  better  fat  solvent 
and  more  bactericidal  than  ethyl  alcohol.  Both 
have  the  disadvantage  in  that  they  are  ren- 
dered rather  inactive  by  the  presence  of  mucus  or 
pus.  In  this  respect,  to  be  effective  in  disinfecting 
thermometers,  you  must  wipe  them  clean  before 
placing  them  in  the  alcohol  solution,  or  in  any 
disinfectant  solution  where  its  action  is  basfed  on 
the  coagulation  of  protein. 

5-63.  Dyes.  There  is  very  little  known  about 
the  relation  between  the  biological  activity  of 
microorganisms  and  the  chemical  structure  of 
dyes  used  as  disinfectants.  It  has  been  observed, 
however,  that  certain  genera  of  bacteria  arc 
more  sensitive  to  some  dyes  than  are  other 
genera.  Although  dyes  are  not  generally  used 
as  sterilizing  or  disinfecting  agents,  they  are  put 
to  good  advantage  for  the  isolation  and  identifi- 
cation of  bacteria  by  incorporating  certain  dyes 
into  various  culture  media.  Crystal  violet,  which 
will  stain  both  staphylococci  and  streptococci  in 
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the  Gram  stain,  can  be  diluted  so  as  to  be  effec- 
tive in  separating  streptococci  from  staphylococci 
by  preventing  the  growth  of  the  staphylococci. 
We  will  discuss  individual  dyes  with  the.  medium 
concerned  in  the  chapter  on  media. 

5-64.  Gaseous  agents.  These  agents  include 
formaldehyde,  sulfur  dioxide,  chlorine,  ethylene 
oxide,  and  beta-propiolactone.  Each  has  certain 
limitations  and  most  clinical  laboratories  have 
little  use  for  gaseous  agents  as  a  means  of  sterili- 
zation. ^ 

5-65.  Formaldehyde  is  used  very  little.  It 
has  a  very  low  penetrating  ability  and  is  affected 
by  the  presence  of  protein  matter.  It  is  most  ef- 
fective in  destroying  vegetative  forms  of  bacteria 
in  a  concentration  of  I  to  2  mg.  per  liter  of  air 
at  80  percent  relative  humidity.  Its  chief  advan- 
tage is  in  the  disinfecting  of  smooth  surfaces.  To 
penetrate  and  disinfect  blankets  and  the  like,  the 
formaldehyde  should  be  mixed  with  steam.  You 
should  not  use  formaldehyde  on  good  furniture, 
as  the  formaldehyde  will  convert  to  paraldehyde 
and  form  a  white  film  which  is  hard  to  remove. 
Formaldehyde  cannot  be  relied  on  to  destroy 
spores  or  acid-fast  bacilli. 

5-66.  Sulfur  dioxide  and  chlorine  are  not  often 
used  because  they  are  too  poisonous.  However, 
destructive  heat*  and  aqueous  solutions  do  not 
have  to  be  used  with  sulfur  dioxide  and  chlorine. 
As  gases,  they  can  be  applied  in  large  volumes 
to  rooms.,  Sulfur  dioxide  and  chlorine  will  con- 
vert to  the  acids  sulfurous  and  hypochlorous, 
respectively;  both  are  corrosive.  A  good  cleaning 
is  necessary  after  their  use. 

5-67.  You  will  come  in  contact  with  material 
sterilized  by  the  gaseous  agent  ethylene  oxide 
Practically  all  disposable,  plastic  materials  are 
sterilized  by  this  gas.  Ethylene  oxide  is  very 
effective  and  kills  bacterial  spores.  The  gas  is 
highly  explosive  at  certain  concentrations  and  its 
use  is  generally  limited  to  a  closed  system  simi- 
lar to  an  autoclave.  It  has  an  advantage  over 
formaldehyde  in  that  ethylene  oxide  is  highly  dif- 
fusible and  can  be  used  to  sterilize  fabrics, 
catheters,  eystoscopes,  and  other  equipment. 

5-68.  Beta-propiolactone  is  a  good  sterilizing 
agent  in  that  it  kills  both  the  vegetative  and 
spore  forms  of  microorganisms.  It  acts  by  com- 
bining with  ths  sugars,  cellular  proteins,  and  fats 
of  bacteria.  It  can  be  used  to  sterilize  tissues  for 
grafting  and  for  sterilizing  vaccines  which  could 
not  be  sterilized  in  any  other  way.  It  does  not 
leave  a  residue  as  does  formaldehyde.  It  is  sey 
eral  thousand  times  more  active  than  ethylefte 
oxide. 

5-69.  Phenol  and  cresol  products.  Phenol 
(carbolic  acid)  and  creosol  products  are  obtained 
by  the  destructive  distillation  of  coal  tar.  Phenol 


and  its  many  derivatives  are  surfactants.  They 
probably  act  by  forming  an  insoluble  albumin  * 
compound  when  in  contact  with  protein,  or  by 
coagulating  the  protein  of  the  cytoplasm  by  pene- 
trating into  the  organism  as  a  colloid.  They  have 
a  sterilizing  effect  in  that  they  can  kill  both  the 
vegetative  and  spore  forms  of  bacteria.  Creosois 
mixed  with  green  soap  are  sold  under  the  trade 
names  Lysol  and  Creolin  and  are  four  and  ten 
times  more  effective  than  phenol,  respectively." 
The  addition  of  sodium  chloride  to  the  commoniy 
used  5  percent  solution  of  phenol  increases  its 
effectiveness.  The  addition  of  ethyl  alcohol  re- 
duces its  effectiveness  considerably.  Certain  of 
the  coal  tar  derivatives  known  as  bis-phenols  are 
incorporated  in  solution  with  other  surfactants 
or  detergents  to  produce  the  surgical  soap  and 
hand  wash  Gamophen  and  Phisohex. 

5-70.  Characteristics  of  a  Good  Disinfectant. 
To  be  effective  a  disinfectant  must  possess  the 
following  qualities: 

a.  Solubility. 

b.  Stability. 

c.  Noncorrosiveness. 

d.  Nonbleaching. 

e.  Effective  power  of  penetration. 
/.  Ease  of  application. 

g.  Cheap  in  cost. 

h.  Nontoxic  to  animals. 

/.   High  coefficient  of  disinfection. 
/.  Deodorization. 

All  of  the  above  qualities,  with  the  possible  ex- 
ception of  high  coefficient  of  disinfection,  are 
easy  to  understand  In  that  you  use  them  everyday. 
We  discuss  this  quality  in  the  following  para- 
graphs. 

5-71.  To  test  the  relative  efficiency  of  disin- 
fectants, some  disinfectant  had  to  be  selected  as  a 
standard  and  all  others  tested  in  relation  to  this 
standard.  The  disinfectant  chosen  was  phenol 
(carbolic  acid). 

5-72.  Principles  which  govern  the  estimation 
of  the  disinfecting  power  must  be  strictly  ad- 
hered to. 

'  a.  The  media  used  in  all  cases  of  standardiza- 
tion must  be  alike  in  composition  and  pH. 

b.  The  organism  used  must  always  be  grown, 
and  treated  under  the  same  conditions. 

c.  Temperature  should  remain  constant. 

Although  the  standard  methods  employ  constant 
factors  as  listed  above,  you  must  remember  that 
even  though  a  high  proportion  of  organisms  are 
killed  before  sterilization  is  complete,  a  few  or- 
ganisms may  resist  the  disinfectant  action  for  a 
long  period  of  time. 


5-73.  Phenol  coefficient  method.  A  method 
which  has  been  used  for  a  long  time  and  which 
appears  to  be  suitable  for  most  purposes  is  called 
the  phenol  coefficient  method.  This  method  tests 
the  effectiveneness  of  an  unknown  disinfectant 
only  .if  conditions  are  carefully  controlled. 

5-74.  There  ar<jn  general  use  several  meth- 
ods of  determining  the  phenol  coefficient  of  a  dis- 
infectant. Three  of  these  are : 

a.  The   U.S.   Hygienic   Laboratory  method. 

b.  The  Rideal-Walker  method. 

c.  The  Food  and  Drug  Administration  method. 

The  Food  and  Drug  Administratioa  method  is 
generally  the  method  used  in  testing  many  of  the 
disinfectants  on  the  market.  The  method  com- 
pares the  ability  of  phenol  dgainst  an  unknown 
disinfectant,  when  diluted  to  kill  the  Hopkins 
strain  of  Salmonella  typhosa.  The  figure  rep- 
resenting the  dilution  of  phenol  that  kills  the 
organism  in  10  minutes  is  divided  into  the  dilu- 
tion figure  of  the  unknown  disinfectant  which 
killed  the  organism  in  10  minutes.  For  an  illustra- 
tion: Phenol  at  a  dilution  of  1:100  killed  the 
organism  in  10  minutes.  The  unknown  disinfec- 
tant killed  the  organism  in  the  same  time,  but  at  a 
dilution  of  1:250.  Dividing  100  into  250  gives  a 
phenol  coefficient  of  2.5.  ( 

5-75.  The  significance  of  the  phenol  coeffi- 
cient has  limitations.  For  example,  a  disinfectant 
may  be  found  to  have  a  phenol  coefficient  of 
40  when  tested  in  distilled  water.  The  compound 
may  be  quite  ineffective  when  applied  in  the 
presence  of  organic  matter,  pus,  saliva,  feces,  or 
milk.  Then  again,  when  tested  against  some 
other  organism  such1  as  Staphylococcus  aureus 
it  may  have  a  much  lower  coefficient.  Disin- 
fectants are  often  diluted  to  offer  a  concentration 
roughly  20  times  the  phenol  coefficient.  This 
"use  dilution,"  though  considered  unreliable,  is 
the  dilution  in  which  disinfectants  are  used. 

5-76.  Sterilization  guidelines.  To  aid  you  in 
your  use  of  disinfectants  and  sterilization  tech- 
niques, you  can  follow  these  guidelines: 

a.  The  vegetative  form  of  the  microorganisms 
is  easier  to  kill  than  the  spore  form. 

b.  Spores  and  acid-fast  bacilli  are  best  killed 
by  heat.  (Liquid  disinfectants  are  fairly  ineffec- 
tive because  of  the  lipid  material  surrounding  the 
acid-fast  bacilli.) 

c.  Bacteria  suspended  in  a  nonprotein-type 
medium  are  easier  to  destroy  than  those  sus- 
pended in  a  protein-type  medium.  It  is  more  dif- 
ficult to  "destroy  bacteria  in  protein-type  media 
if  the  media  are  also  nutrient  in  nature. 

d.  The  addition  of  an  acid  or  a  base  to  pro- 
tein media  increases  the  effectiveness  of  the  dis- 
infectant. A  given  concentration  of  H+  ions  is 


more  effective  than  the  same  concentration  oi 
OH-  ions. 

e.  The  sterilization  process  can  be  increased 
by  raising  the  temperature  of  the  disinfectant. 

/.  Dissolving  certain  germicidal  chemicals  in 
alcohol  may  either  decrease  or  increase  the  ef- 
fectiveness of  thessolution. 

g.  The  presence  of  organic  matter  usually 
lowers  the  effectiveness  of  liquid  disinfectants. 

h.  An  emulsified  disinfectant  and/or  a  liquid 
disinfectant  containing  a  wetting  agent  is  best  for 
sterilizing  smooth  surfaces. 

i.  Powder  disinfectants  must  be  placed,  in 
solution  to  be  effective,  otherwise,  they  act  only 
as  deodorants. 

5-77.  Asepsis  Testing*  Asepsis  is  briefly  de- 
fined as  the  absence  of  septic  matter,  or  freedom 
from  infection.  As  a  bacteriology  technician,  you 
will  be  testing  the  effectiveness  of  hospital  asep- 
tic techniques  and  practice  aseptic  techniques  in 
much  of  your  routine  "fckiily  work.  This  section 
will  4<eal  primarily  with  the  laboratory's  responsi- 
bility (consequently  yours)  toward  preventing 
the  spread  of  hospital-borne  diseases. 

5-78.  There  are  many  behind-the-scene  activi- 
ties in  a  hospital.  One  of  these  is  the  prevention 
of  the  spread  of  disease  within  the  hospital.  There 
are  many  different  facets  to  this  particular  ac- 
tivity, and  you  will  be  required  to  lend  support 
to  this  extremely  important  program.  The  Hos- 
pital Infection  Committee  with  the  approval  of 
the  commander,  makes  recommendations  for  the 
prevention  and  control  of  infections.  The  follow- 
ing paragraphs  will  inform  you  about  aseptic 
techniques  and  in-house  infections. 

5-79.  Sterility  testing.  This  refers  to  those  pro- 
cedures which  test  the  effectiveness  of  the  various 
methods  of  sterilization,  jnore  specifically,  the 
autoclave  and  room  disinfection. 

5-80.  You  can  use  the  autoclave  to  sterilize 
medical  equipment.  To  assure  sterility  of  this 
equipment,  it  must  be  tested  at  regular  intervals. 
You  can  do  this  testing  in  three  ways. 

(1)  Testing  thfF equipment  itself  by  culturing. 

(2)  Using  heat  sensitive  dye  indicator  strips. 

(3)  Using  spore  strips. 

5-81.  First,  you  must  test  the  equipment.  In 
this  method,  you  open  the  packs  containing  the 
equipment.  Swab  the  various  articles  using  a 
sterile,  cotton-tipped  applicator  and  then  place 
the  swab  into  a  suitable  culture  medium  and  in- 
cubate it.  Check  the  broth  for  growth.  A  dis- 
advantage of  this  method  is  that  one  can  only 
assume  that  if  no  growth  occurs  from  a  particular 
article  that  specific  article  was  sterilized  by  the 
autoclave.  However,  it  is  possible  that  the  article 
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and  Technical  Education."    Deleted  materials  are  copyrighted  and  could  not  be 
duplicated  for  use  in  vocational  and  technical  education. 
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Figure  12.    Biospote  autoclave  controls. 


was  sterilized  when  being  cleansed.  The  other 
articles,  in  the  pack  may  not  be  sterile.  This 
method  is  a  fairly  reliable  substitute  when  heat- 
sensitive  dyes  or  spore  strips  are  not  available. 
If  the  piece  of  equipment  is  small,  you  can  place 
the  entire  article  in  a  suitable  culture  medium 
to  check  for  sterility. 


5-82-  If  you  are  operating  the  autoclave,  tne 
use  of  a  dye-indicator  strip  is  a  quick  means  to^ 
V  test  the  equipment  for  proper  operation.  The  in- 
dicator is  a  thermolabile  dye  on  paper  strips, 
wrappers,  tape,  or  it  may  be  applied  to  thread 
or  gauze.  The  dye  turns  a  specific  color  if  the 
contents  have  been  sterilized  at  the  correct  tem- 


pcrature  for  a  sufficient  length  of  time.  You 
need  only  observe  these  color  changes  to  as- 
sure sterility. 

5-83.  You  can  make  a  more  direct,  though 
more  time  consuming,  check  on  Sterilization  by 
the  use  of  spore  strips.  A  spore-impregnated  strip 
of  filter  paper  enclosed  in  a  sterile  envelope  is 
placed  inside  the  wrapper  of  the  material  to  be 
sterilized.  For  autoclave  testing,  the  spores  of 
Bacillus  stearothermophilus  are  most  often  used; 
and  for  dry  heat  and  ethylene  oxide  the  spores 
of  Bacillus  sub  tills  (globigii)  are  preferred.  Table 
3  shows  the  various  time  and  heat  combinations. 

5-84.  After  sterilization,  remove  the  sterile  en- 
velope and  its  spore  strip  and  send  them  to  the 
laboratory.  Remove  the  strip  from  its  envelope 
(using  sterile  forceps),  place  it  in  a  suitable  cul- 
turing  medium,  and  incubate.  If  growth  occurs 
within  7  Jays,  sterilization,  has  not  been  com- 
plete. The  absence  of  growth  indicates  that 
sterilization  has  been  complete.  To  assure  your- 
self that  sterility  is  the  reason  for  the  spores  not 
germinating  and  growing,  you  must  also  use  a 
control  strip.  This  control  strip  is  not  autoclaved, 
and  should  grow  organisms  when  cultured.  You 
can  see  biospore  controls  in  figure  12. 

5-85.  Sealed  ampules  containing  culture  media 
and  spores  of  Bacillus  stearothermophilus  are  also 
available  on  the  market.  After  sterilization,  the 
ampules  are  incubated  at  55°  C.  As  B.  stearo- 
thermophilus is  a_  strict  thermophile,  lack  of 
sterility  will  be  indicated  by  growth  of  the  or- 
ganism in  the  control  ampule  as  shown  in  figure 
13.  As  B.  stearothermophilus  is  one  of  the  most 
heat-resistant  organisms  known,  its  use  offers  a 
good  indication  of  sterility. 

5-86.  Testing  of  hospital  rooms  and  furniture. 
A  large  problem  in  hospitals  is,  that  of  insuring 
complete  disinfection  or  sterility  of  a  room,  or  of 
hospital  equipment  used  6y  a  patient  with  a 
communicable  disease.  When  the  patient  leaves 
the  hospital,  his  room  is  cleaned  and  disinfected 
with  one  of  the  many  agents  suitable  for  this 
purpose.  After  cleansing,  laboratory  personnel 
test  the  room  and  its  contents  for  sterility.  This 
is  usually  done  with  sterile,  cotton-tipped  appli- 
cators by  swabbing  representative  areas.  The 
swabs  are  plaped  in  suitable  culture  media  and 
incubated.  Xny  organism  which  grows  must  be 
identified.  If  it  proves  to  be  a  saprophyte,  this 
assures  the  individuals  concerned  that  the  room 
'  is  indeed  ready  for  the  next  patient.  If  a  patho- 
gen is  isolated,  fyrther  disinfectant  procedures 
are  started. 

5-87.  To  offer  a  means  of  control  and  correla- 
tion of  subsequent  information,  some  standardi- 
zation is  necessary.  If  you  are  checking  the  floor, 
for  example,  you  should  sample  a  given  area 


each  time.  To  do  this,  you  may  make  templates 
or  purchase  them.  You  can  do  air  sampling  by 
using  ,an  air-sampling  centrifuge  or  by  leaving 
petri  dishes  containing  media  exposed  to  the  air 
for  a  given  period  of  tin\e.  ^Whichever  method 
you  use  for  sampling,  it  must  be  a  method  which 
offers  a  means  of  standardization  and  should  V>e 
used  each  time. 

5-88.  If  you  isolate  organisms  similar  to  those 
with  which  the  patient  was  infected,  you  must 
go  over  the  room  and  its  contents  again  and  re- 
check  sterility.  Your  responsibility  in  this  area 
cannot  be  overemphasized.  Wljrte  collecting  the 
swabs,  use  initiative  and  assure  yourself  that  you 
have  obtained  a  representative  cross-sampling  of 
the  various  accessible  areas  in  the  room.  Sample 
the  mattress,  springs,  bed  rollers,  bedside  tables, 
water  carafes,  window  sills^  and  ledges,  floor 
(center  and  corners),  door  ledges,  ventilation 
vents,  etc.  Only  in  this  way  can  you  check  the 
effectiveness  of  the  <jl|(sinfecting  efforts. 

5-89.  Of  all  the  problems  which  confront  any 
hospital,  resistant  hospital  staphylococci  is  tne 
most  frequent.  Hospital  staphylococci  become 
resistant  to  many  of  the  efforts  used  to  destroy 
them.  Many  hospital  personnel  carry  the  orga- 
nism and  transmit  it  from  one  part  of  the  hospital 
to  another.  The  organism  can  readily  invade  the 
meager  defenses  of  the  newborn  and  patients 
who  have  their  natural  defenses  lowered  because 
of  some  other  illness. 

5-90.  Testing  for  staphylococci  infection. 
Staphylococci  can  be  carried  from  the  hospital  to 
the  patient's  family  and  friends  who,  in  turn,  can 
become  infected.-  Besides  the  routine  precautions 
observed  in  isolating  patients  With  known  staphy- 
lococcus infections  and  the  complete  sterilization 
of  the  rooms  and,. equipment  with  which  they 
come  in  contact,  hospitals  are  vitally  concerned 
with  controlling  the  transmission  of  this  organism 
by  identifying  and  treating  carriers  on  its  own 
staff.  One  of  you  duties  as  a  laboratory  tech- 
nician will  be  to  culture  staff  members  and  de- 
termine who  might  be  carrying  the  staphylococcal 
organism. 

5-91.  To  culture  this  ^organism,  you  generally 
use  three  sites.  They  are  the  nose,  throat,  and 
lesions.  We  have  already  discussed  the  isolation 
of  organisms  from  these  sources;  however,  it  is 
pertinent  to  add  here  that  in  order  to  isolate  the 
staphylococcus  organism  from  the  nose,  it  is  not 
necessary  to  insert  the  cotton-tipped  swab  to  the 
posterior  part  of  the  nose.  A  more  realistic  ap- 
proach is  to  obtain  the  specimen  from  the  area 
of  the  nostril  which  is  exposed  to  the  air.  That 
is.  culture  the  first  one-fourth  or  one-half  of  the 
nose.  This  area  has  the  hairs  which  filter  the  a»r 
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going  in  and  out;  therefore,  chances  of  isolating 
organisms  are  greater  if  you  culture  this  area. 

5-92.  Testing  food  and  water.  Although  pri- 
marily a  duty  of  the  preventive  medicine  person- 
nel, an  occasion  may  arise  where  you  may  have 
to  examine  water,  dairy  products,  and  foods  for 
contamination.  As  these  products  are  consumed 
by  everyone,  they  must  be  free  of  infectious 
agents.  If  you  should  need  to  examine  these 
poducts,  the  pocedures  are  outlined,  in  AFM 
i6(£52,  Laboratory  Procedures  in  Clinical  Bac- 
teriology. 

5-93.  Practicing  Aseptic  Techniques.  Besides  " 
evaluating  the  aseptic  techniques  of  others,  you 
r.hould  be  aware  of  the  techniques  that  yoju  per- 
form routinely.  While  peforming  venipunctures, 
do  you  use  the  correct  strength  alcohol  *to  disin- 
fect the  site  of  puncture?  Are  your  needles  ster- 
ile? In  bacteriology,  do  you  wipe  your  benches 
with  a  good  disinfectant  when  you  finish  for  the 
day?  Do  you  wash  your  hands  before  leaving 
the  laboratory?  Do  you  exercise  the  proper  care 
when  handling  specimens  and  culture  material? 
Do  you  perform  sterility  checks  with  diligence? 
These  are  your  individual  responsibilities. 

5-94.  As  a  laboratory  technician,  you  will 
come  in  contact  with  many  patients.  Some  will 


have  contagious  disease  and  may  be  in  isolation. 
That  is,  they  are  in  an  area  by  themselves  and  so 
situated  that  microorganisms  stand  very  little 
chance  of  getting  out  of  the  area  if  proper  pre- 
cautions are  taken.  In  another  situation,  it  may 
be  desired  to  keep  microorgamsms  from  entering 
a  patient's  room.  In  both  instances,  disinfection 
material  will  be  available  to  prevent  the  transfer 
of  organisms  from  one  environment  to  another. 

5-95.  In  those  instances  where  isolation  tech- 
niques must  be  practiced,  they  must  be  practiced 
by  everyone  to  be  effective.  Although  time-con- 
suming, it  is  necessay  to  wash  your  hands  in  a 
disinfectant  solution,  and  wear  a  mask,  a  cap,  a 
gown,  and  boots  when  required.  It  is  also  im- 
portant that  you  properly  dispose  of  these  items. 
If  you  must  go  into  a  room  where  there  is  a 
contagious  disease,  take  only  those  materials 
which  you  can  leave  behind.  Anything  that  you 
remove,  such  as  a  tube  of  blood,  must  have  its 
external  surface  decontaminated.  Do  not  take 
your  tray  inside.  You  can  very  "easily  contami- 
nate it,  and  J)y  carrying  it  through  the  hospital, 
contaminate  evecy  place  you  set  the  tray  down. 
You  cannot  see  inicroorg&nisms,  ^o  exercise  care 
in  everytjrfnj^ou  do.  A  good  technician  does. 
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CHAPTER  3 


Bacterial  Morpholbgy  and  Physiology 


TO  THIS  POINT,  you  have  studied  the  basic 
art  and  science  of  bacteriology.  You  should 
have  definite  awareness  of  how  to  handle  and 
process  specimens.  Certainly,  you  should  know 
how  to  do  your  work  safely,  sterilize  media  and 
equipment,  and  use  precise  aseptic  techniques. 
Without  the  constant  application  of  this  knowl- 
edge, your  work  in  the  study  of  microbes  is 
useless,  because  diagnostic  tests,  in  bacteriology 
usually  depend  upon  isolating  the  agent  of  an 
infectious  disease  from  other  organisms  present 
in  most  clinical  specimens  and  in  the  laboratory 
environment. 

2.  One  of  the  new  areas  in  your  studiS^is  the 
-classification  of  bacteria.  All  life  is  divided  into 

two  kingdoms,  animal  and  plant.  From  this 
point,  we  will  discuss  the  further  breakout  in 
the  naming  and  grouping  system  until  we  have 
finally  classified  a  typical  organism. 

3.  We  realize  frorr^  experience  that  every  liv- 
ing thing-  has  a  form  and  carrier  out  specific 
functions  to  maintain  its  life  processes.  Bacteria 
are* no  different  in  this  respect.  You  will  be  able 
to  identify  bacteria  by  knowing  their  structures, 
size,  shape  relationships,  and  variations  from 
normal  appearance  and  behavior. 

4.  You  need  to  know  what  each  bacterium 
looks  like,  but  more  importantly  you- must  know 
how  the  bacterium  likes  to  live  and  what  it  uses 
for  food.  You  can  study  its  natural  environment 
(in-vivo)  and  try  to  duplicate  an  artificial  one 
(in- vitro)  for  the  bacterium  to  grow  on  in  the 
laboratory.  This  knowledge  is  very  necessary  to 
properly  isolate  and  identify  any  bacterium. 

5.  The  facts  you  gather  about  bacteria  can  be 
put  together  like  a  puzzle  to  give  their  identity. 
Your  "detective  attitude"  will  help  you  to  arrive 
at  an  answer.  An  organism  which  is  fastidious, 
that  is.  very  exacting  in  its  needs,  will  concern 
you  more  in  getting  the  correct  environment  for 
growth.  You  will  have  to  know  a  great  deal 
about  this  basic  science  to  adjust  growth  condi- 
tions to  the  specific  requirements  of  the  "bug." 


6.  With  these  areas  and  problems  in  mind,  in 
this  chapter  we  will  discuss  the  classification  of 
bacteria,  cellular  morphology,  culturing  of  bac- 
teria, and  the  various  media  that  we  can  use  to 
cultivate  bacteria. 

6.  Classification  of  Bacteria 

6-1.  A  bacterium  should  have  a  name  which 
describes  it  and  conveys  a  definite  idea  about 
the  organism.  Yok^wiUrwork  with  many  different 
bacteria  and  use  their  names  in  written  and  oral 
communication.  The  names  are  fairly  standard 
(there  are  a  few  exceptions)  throughout  the 
scientific  field  and  will  convey  certain  informa- 
tion to  your  coworkers.  In  order  for  you  to 
develop  a  basic  knowledge  about  the  classifica- 
tion and  nomenclature  of  bacteria,  wc  will  dis- 
cuss: 

•  VTaxonomy. 

•  International  method  of  classification. 

•  Techniques   of  classification — morphology 
and  physiology. 

•  Means  of  distinguishing  species. 

6-2.  Taxonomy.  An  arrangement  of  organisms 
is  called  a""taxis,"  so  the  term  "taxonomy"  refers 
to  the  arrangement  and  classification  of  bacteria. 
Classification  systems  are  somewhat  arbitrary 
and  do  not  directly  reflect  evolutionary  relation- 
ships between  different  groups  of  bacteria.  This 
fact  has  made  'complete  understanding  and 
agreement  in  the  naming  of  bacteria  difficult. 
After  all,  bacteria  lack  many  attributes  enjoyed 
by  other  plants  and  animals.  For  example,  there 
are  no  fossils  of  bacteria  to  show  a  distinct  line  of 
evolution.  Methods  of  establishing  relationships 
between  species  on  a  genetic  basis  have  been 
found  only  recently. 

6-3.  We  now  know  that  certain  groups  of  bac- 
teria, as  in1  the  higher  plants  and  animals,  have  a 
precise  sexual  mechanism  which  involves  an4  ex- 
change of  cellular  material.  Moreover,  there  are 
a  number  of  other  means  by  which  genetic  traits 
from  one  bacterial  strain  can  be  introduced  into 
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Phylum-  Prataphyta 
f        Class  -  Schizamyc«t#s 
|        OrcUr  -  EubaeUriaUs 


Family  -  lac!abaci!lac«a« 


Tribe  -  Str«ptacacc«a« 


G«nus  -  Streptococcus 


Species  -  Lactis 
I 


t      Variety  -  Maltigenes 

Figure  14.    Classification  ladder. 

closely  related  organisms.  Thus,  as  progress  is 
made  in  exploring  hereditary  mechanisms  and 
relationships,  new  concepts  are  being  proposed 
Which  go  far  beyond  the  olcfer  ideas  of  grouping 
bacteria  together  on  the  basis,  of  morphological 
or  cultural  similarities.  Nevertheless,  classifica- 
tion schemes  which  we  will  be  using  for  the  next 
several  years,  still  rely  largely  on  the  earlier, 
conventional  practices  in  taxonomy.  So  these  are 
the  schemes  on  which  we  will  focus  our  attention 
for  the  present. 

6-4.  International  Methods  of  Classification. 
There  areoseveral  methods  used  to  classify  bac- 
teria. The  most  common  method  is  based  on  the 
Code  of  Nomenclature  of  the  Bacteria  and  Vi- 
ruses established  by  the  International  Committee 
on  Bacteriological  Nomenclature.  This  Code  uses 
all  known  properties  to  classify  an  organism. 
These  properties  include,  among  others,  shape 
(form),  grouping  (cell  arrangement),  motility. 
Gram-stain  reaction,  and  growth  requirements. 
Our  discussion  of  some  of  these  properties  a  little 
on  will  show  that  they  fall  roughly  into 
three  categories:  morphology;  the.  physiology  of 
life  processes;  and  a  miscellaneous  group  <rf 
characteristics  which  often  serve  to  differentiate 
between  two  organisms  that  are  otherwise  in- 
distinguishable. 

6-5.  A  classification  system  is  an  arrangement 
whereby  organisms  with  similar  characteristics  cap 
be  grouped  together.  As  we  mentioned  previ- 
ously, all  life  is  divided  into  either  the  plant 
kingdom  or  the  animal  kingdom.  Within  a  king- 
dom are  found  very  broad  and  general  divisions 
called  phyla.  Each  phylum  (taken  from  the  Greek 
word  "Phylon"  or  tribe)  contains  many  different 
kinds  of  organisms,  but  it  is  represented  by  living 
forms  which  possess  one  or  more  similar  charac- 
teristics. For  example,  the  phylum  Protophyta 
contains  jail  the  so-called  primitive  plants,  and  it 
is  in  this  phylum  that  we  find  bacteria.  Thus, 
the  bacteria  we  are  interested  in  belong  to  the 
plant  kingdom  and  the  phylum  Protophyta. 


6-6.  Major  differences  in  organisms  allow 
each  phylum  to  be  broken  down  into  smaller 
groups  called  classes.  Thcsfc  in  turn  are  sub- 
divided into  orders,  orders  into  families,  families 
into  tribes,  tribes  into  genera,  genera  into  species, 
and  species  into  varieties  or  strains.  There  may 
also  be  suborders'.  Suborders  have  characteristics 
distinct  enough  to  differentiate  them  from  the 
order,  but  not  different  enough  to  warrant  their 
being  called  families.  There  are  certain  endings 
affixed  to  some  of  the  taxonomic  names.  Be- 
coming familiar  with  these  suffixes  will  help  you 
identify  a  particular  group.  The  following  end-4 
ings  denote  groups  of  organisms  at  various  levels 
of  the  classification  system: 


Name 

Order 
Suborder 
Family 
Tribe 


Ending  * 

Ales 
ineae 
aceae 
eae 


Example 

Pseudomonadales 
Rhodobactemneae 
Thiorhadaceae 
Rsctiericheac 


6*7.  Perhaps  we  can  better  understand  the 
system  of  classification  by  starting  at  the  bottom 
and  working  up  the  ladder,  giving  the  rules  which 
apply  to  namib  an  organism.  For  example,  we 
will  look  at  a  single  organism'.  Streptococcus  lac- 
tis, variety  maltigenes.  We  normally  have  only 
two,  rather  than  three  names  for  organisms.  Our 
example  wilt  show  how  the  name  is  derived  in 
this  case  where  a  variety  is  included. 

6-8.  The  first  word  of  a  name  for  an  onanism 
is  its  genus  name.  The  first  letter  is  always 
capitalized.  It  is  usually  a  Latin  or  Latinized 
Greek  word,  a  word  derived  from  the  Latin  or 
Greek  stem,  of  occasionally  from  some  other 
"source.  In  cither  case,  it  must  be  regarded  as  a 
Latin  noun.  Som§  examples  are:  Streptococcus — 
chains  of  a  small  grain;  Bacillus — a  small  rod; 
Lactobacillus— a  small  milk  rod;  Sarcina — a 
packet  or  bundle;  Micrococcus — a  smalt  grain: 
and  Clostridium — a  small  spindle. 

6-9.  A  genus  (plural — genera)  contains  a 
group  of  closely  related  species.  There  is  no 
agreement  as  to  how  many  identical  characteris- 
tics bacteria  must  ^have  to  allow  them  to  be 
grouped  together  under  a  single  genus.  How- 
ever, experts  on  classification  have  set  up  a 
"type  species"  for  each  recognized  genus.  This 
one  species  is  the  yardstick  against  which  un- 
known organisms  are  measured  with  regard  to 
their  morphology,  behavior  in  laboratory  culture, 
antigenic  makeup,  and  other  properties  we  have 
mentioned  previously.  In  fact,  comparison  with 
the  type  species  of  several  closely  related  genera 
is  sometimes  necessary  in  naming  a  bacterium, 
because  members  of  these  different  genera  may 
share  several  of  the  important  features  which  we 
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Table  4  •  * 

MORPHOLOGICAL  CHARACTERISTICS. 


Shape 


spherical 
rod-shaped 


.  Terminology 
('singular-  5  plural) 

coccus,  cocci 

bacillus,  bacilli 

spirillum ,  spirilla 


Average  Size 
(microns) 

1.0  . 

0.5  X  2-0 

0.2  X  10 


spiral -  shaped 

(Coccobacillary  forms  are  ^r&erfifetiiate  between  spheres 
ind  rods)  / 


commonly  search  for  in  the  laboratory  as  a 
means  of  identification.  The  finding  of  a  pre- 
viously unknown  bacterium  in  a  clinical  labora- 
tory is  a  rarity. 

6-10.  Jusf  as  a  genus  comprises  microorga- 
nisms which  have  one  or  more  (usually  several) 
predominant  characteristics  in  common,  so  a  spe- 
cies is  a  group  (within  a  genus)  having  certain 
definite,  individual  properties  that  set  its  mem- 
bers apart  from  other  groups  of  that  genus.  The 
example  we  Chose,  Streptococcus  lactis,  is  a 
harmless  saprophyte  (nonpathogen)  normally 
found  in  milk.  Yet  the  type  species  6f  the  genus 
is  Streptococcus  pyogenes,  a  pathogen-  which 
causes  serious  infections  in  man.  You  can  readily 
distinguish  the  two  species,  lactis  and  pyogenes, 
on  laboratory  media  because  the  pyrogenic  strep- 
tococcus produces  a  hemolysin  which  lyses  (rup- 
tures^ red  cells  in  blood  agar  plates.  The  milk 
streptococcus  is  nonhemolytic. 

6-11.  In  looking  at  the  name.  Streptococcus 
lactis.  we  note  that  the  species  designation  always 
follows  immediately  after  the  genus  name.  The 
term  denoting  the  species  is  an  adjective,  noun, 
or  verb  which  is  usually  descriptive  or  comple- 
mentary to  the  a^us.  For  example.  Strepto- 
coccus lactis — milk  streptococcus.  Clostridium^ 
Welchii — Welch's  Clostridium,  and  Clostridium 
dissolve  fis — dissolving  Clostridium.  We  see  here 
that  the  sp'ecies  designation  is  not  usually  capi- 
talized, although  exceptions  can  be  made  if  the 
(erm  was  derived  from  a  proper  noun,  as  in 
CI.  Welchii,  named  for  its  discoverer." 

6-12.  A  variety  or  strain  is  a  subspecies.  Or- 
ganisms of  a  variety  have  enough  similar  quali- 
ties to  beynamed  after  a  particular  species,  but 
differ  enough  to  be  recognized  as  a  group  within 
the  species.  The  variety  name  follows  the  species 
name  and  is  noncapitalized.  3s  in  our  example 
of  Streptococcus  lactis,  variety  malligenes.  This 


streptococcus  of  milk  produces  a  malt  flavor. 
The  name  can  be  witten  simply,  as  Streptococcus 
lactis,  maltigenes. 

6-13.  Now  that  we  havejpoked  at  the  bottom 
of  the  ladder  and  have  seen  how  the  names  of 
organisms  are  derived,  let's  start  up  the  ladder. 
Figure  14  shows  the  entire  structure  of  the  ladder 
of  classification  and  how  our  example  fits.  A 
family  is  a  group  of  related, genera  and/or  tribes. 
Not  all  families  are  broken  down  into  tribes  and 
then  genera.  In  some  cases,  genera  follow  right 
below*  family.  The  suffix  eae  is  added  to  the 
stem  for  tribe  name  and  aceae  for  the  family 
name.  In  our  example,  we  do  havqrboth  a  tribe 
and  family  name.  The  tribe  name  is  Streptococ- 
ceae  and  the  family  name  is  Lactobacillaceat. 

6-14.  An 'order  is  a  group  of  related  families 
and -is  usually  designated  by  adding  the  suffix 
ales;  for  example  Eubacteriales,  or  the  "true 
bacteria." 

6-15.  A  class  is  a  group  of  related  orders. 
The  majority  of  the  organisms  which  you  en- 
counter in  the  field  of  medical  bacteriology  be- 
long* to  the  class  Schizomycetes  ("fission  fungi") 
in  the  phylum  Protophyta,  the  "primative  plants." 
"  6-16.  As  mentioned  earlier,*  there  may  be 
other  taxonomic  categories  such  as  subfamily, 
tribe,  and  subtribe.  Keep  this  in  mind  as  you 
study  the  microorganisms.  It  is  necessary  some- 
times for  authorities  on  taxonomy  to  create  a  new 
division  for  an  organism  which  does  not  seem  to 
follow  the  specific  classification  lines. 

6-17.  Characteristics  Used  for  Classification. 
We  cannot  use  any  one?  set  of  characteristics  to 
differentiate  all  pathogenic  bacteria.  Classifica- 
tion must  be  based  on  many  characteristics  which 
we  noted  before  fall  iitto  three  general  categories: 
morphological  characteristics,  physiological  prop- 
erties, and  other  miscellaneous  factors  which  aid 
in  identification. 
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6-18.  Morphological  characteristics..  These  in-      al(jfee  diameter  of  a  coccus  and  the  length- of  a 
elude  size,  shape  and  arrangement  of  cells,  and     spiral  form  shows. 

internal  cellular  structures.    You  can  see  the        jS-)9.  Physiological  properties.  Classification' 

three  principal,  shapes  of  bacteria  and  their  aver-  t  according  to  physiological  properties  is  based  on 
age  sizes  in  table  4.  Bacteria  vary  considerably  growth  requirements,,  primarily  the  need  for  an 
m  size,  as  the  factor  of  ten"  times  between  the      inorganic  or  an  organic  source  of  carbon. 

Table  5 
.    *  -       CELL  STRUCTURES 

GENERAL  "  ,  , 

Cell-wall .     A  thin  complex  covering  of  proteins,  lipids,  and  po^y-  ^Jf° 
saccharides  that  encloses  the  protoplasm  of  the  cell,  .giving 
rigidity  far  bacteria.  .m 
Cytoplasmic  membrane.     A  semipermeable  membrane  governing  osmotic 

,       W  f 

activity  located  directly  beneath'the  cell  wall. 
Cytoplasm.     The  protoplasmic  or  vital  colloidal* material  of  a  cell 
exclusive  of  that  q£  •  th§  nucleus .   '■  * 
Nucleus .     Diffused  chromatin  mater ial  re$frtftisible  for  genetic 
control  of  growth  aTrid  reproduction  of  the  cell. 

SPECIAL  '    '  '  . 

T?sule.  ;  An  accumulat  ic^/** of  high  molecular  weight,  excretory 

substances  (slime  layer)  aro,und  a  single  bacterium  or  clumps 
of  bacteria.     A  capsule  serves  as  a  defense  against  phagocytosis 
Usually  the  presence^of  a  capsule  is  a  sign  of  viruLence. 
Flagellum.     A  protoplasmic  st^nd  of  elastic  protein  originating 
in  the  cytoplasm  and  extending  from  the  body  of  the  ceil/  A 
ffagellum  serves  ^as  an  organ  pf  locomotion.     The  arrangement; 
of  flagella  is  characteristic  of  the  species.. 
Spore .     A  metabolically tinact ive  resistant  body  formed  by  a  vege-      '  - 
tative  bacterium  to  withstand  an  unfavorable  environmeil^ . 
Only  bacilli  forin  spores.     The  position  and  size  of  the  spo-re  \ 
within  a  bacillus  is  pecuJL^ar  to  the  species." 
Inclusion  bodies.     Vacuoles  of ^ reserve  or  waste  "materials  contained  ♦ 
within  the  cytoplasm.  ,  , 
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Cytoplasmic  Membrane 

Slime  Layer  or  Capsule 
Vacuole 
Cytoplasm 

Nuclear  Material 


Cytoplasmic  Granules' 

 t    

41  n  c  ly  s  io ITBod  le  s) 


Plagella 


Figure  15.    Structure  of  a  Peritrichpus  bacillus. 


6-20.  Autotrophic  bacteria  obtain  energy  and 
grow  on^inorganic  media  employing  carbon  diox- 
ide (COj)  as  their  sole  source  of  carbon.  They, 
begin  with  CO-  and  ammonia  'NHn)  and  build 
an  entire  protoplasmic  structure  of  protein,  fat, 
and  carbohydrates  by  oxidizing  ammonia  to  ob- 
tain energy  for  their  other"  life  processes. 

6-21.  Heterotrophic  bacteria  obtain  energy 
from  organic  carbon  sources.  Heterotrophs  re- 
quire the  addition  of  sugars,  amino  acids,  pu- 
rines. |?yrimidines.  and  vitamins  to  their  culture 
medium.  They  ferment  sugars  as  their  primary 
source  of  energy. 


6-22.  Disease-producing  bacteria  are  usually 
heterotrophs.  They  haVe  adapted  to  an  environ- 
ment in  which  many  kinds  of  organic  materials 
are  normally  available.  In  many  cases  such  .or- 
ganisms have  lost  their  ability  to  synthesize  from 
simple  compounds  certain  complex  organic  sub- 
stances needed  for  their  growth.  Parasitic  bac- 
teria (pathogens)  require  organic  matter  from  a 
living  host  for  nutrients.  Saprophytic  bacteria  arc 
heterotrophs  which  use  decaying  organic  matter 
for  nutrients  and  usually  do  nor  cause  disease. 

6-23.  By  preparing  artificial  media  containing 
various  nutrients  needed  for  growth  and  repro- 
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duction,  bacteriologists  are  able  to  study  the 
growth  characteristics  of  bacteria.  Growth  re- 
quirements associated  with  a  parasitic  or  sapro- 
phytic existence  in  man  include  optimum  tem- 
perature, the  right  concentration  of  oxygen, 
proper  pH,  and  suitable  nutrients. 

7.  Cellular  Morphology 

7-1.  Bacteria  possess  complex  cell  structures 
jwjweh  can  be  divided  into  two  types:  general 
cell  structures  possessed  by  all  bacteria  and  spe- 


cial cell  structures  possessed  in  various  combina- 
tions by  some,  but  not  all  bacteria.  These  are 
defined  in  table  5  and  shown  graphically  in  fig- 
ure 15.  Similarities  in  cell  structure  generally 
make  it  impossible  to  classify  bacteria  on  the 
basis  of  morphology  alone,  although  the  study  of 
size,  shape,  and  structural  parts  is  an  important 
aid  to  identification. 

7-2.  Size  of  Cells.  In  our  work  we  use  a  unit 
of  measure  to  compare  the  size  of  cells.  In  the 
comparison  of  bacteria  to  other  cells,  we  use  the 


BACILLUS  ANTHRACIS 
1  TO  1.3m  BY  3  TO  8.2m 

ESCHERICHIA  COLI 

1  TO  1.3m  BY  2  TO  3.5u 

HEMOPHILUS  INFLUENZAE 
0.3  TO  0.4m  BY  1  TO  1  .6m 

Fieure  16. 


4.  TREgONCtfA  PALLIDUM 

0.2m  BY  4  TO  15m 

5.  DIPLOCOCCUS  PNEUMONIAE 

0.8  TO  1.30m  BY  1  TO  1.5m 
i.  STREPTOCOCCUS  SPECIES 
0.6m  BY  1  .6m 


7.  STAPHYLOCOCCUS  AUREUS 

0.7  TO  0.9m 

8.  RICKETTSIA  PROWAZEK! 

0.3m  BY  0.3  TO  0.5m 

9.  VACCINIA  VIRUS 

0.15m 


Comparison  of  microorganisms  to  a  red  blood  cell. 
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COCCUS  (Spherical) 
O  O 

o 


COCCI 


GO  ,q 

oo  <y 

DIPLOCOCCI 
(in  pairs) 


STREPTOCOCCI 
( in  Chains) 


STAPHYLOCOCCI 
(in  clusters) 


COCCI  IN  TETRADS 


COCCI  IN  CUBES 


SPIRILLA  and  SPIROCHETES 

(Spirals)  , 


BACILLUS  (Rod  Shaped) 


BACILLI 


DIPLOBACILLI 

( in  pairs) 


STREPTOBACILLI 
(in  chains) 


PALISADES 


SPORES 


BACILLUS  ENCAPSULATED 


TERMINAL 


SUBTERMINAL 


US 


CENTRAL 


FLAGELLA 


C™^ — - 


MOMOTRICHOUS  ^  LOPHOTRICHOUS 

Figure  \1. 

micron  (/*)•  A  micron  is  1/1000  of  a  millimeter 
(mm.)  Qr  1/25400  of  an  inch.  Occasionally,  the 
Angstronr  Unit  (A.),  equivalent  to  10— 7  mm. 
or  1/10000000  of  a  mm.,  is  used  for  very  small 
organisms.  Although  there  are  exceptions,  jnost 
bacteria  range  from  0.2  microns  (tfidth)  to  5 


AMPHITR1CH0US  PERITR1CH0US 

Ceii  structures. 

microns  (length)  in  dimension.  A  size  relationship 
can  be  made  using  human  erythrocytes  (red  blood 
cells)  which  average  about  7.5  microns  in  diam- 
eter. We  havp  illustrated  in  figure  16  a  size  com- 
parison of  fflfetoorganisms  to  a  red  blood  cell.  As 
you  becomiiEramiliar  with  your  microscope,  the 
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size  of  an  erythrocyte  in  the  oil  immersion  field 
will  give  you  an  idea  of  the  dimension  of  any 
given  organism,  and  indeed,  many  measurement 
references  are  made  in  relation  to  the  erythrocyte. 

7-3.  Shape  of  Cells.  As  you  can  see  in  table  4, 
there  are  essentially  three  different  shapes  of 
bacteria.  They  are  spherical,  rod-shaped,  and 
spiral-shaped.  Figure  17  illustrates  the  varia- 
tions in  arrangement  which  these  three  basic 
shapes  may  take.  Notice,  too,  the  terminology 
and  position  of  the  bacterial  spores  and  flagella. 
These  descriptive  terms  are  used  frequently,  and 
from  them  you  should  be  able  to  picture  a  partic- 
ular bacterial  cell. 

7-4.  Grouping  of  Cells.  Cell  grouping  as  well 
ijs  the  shape  can  aid  in  identifying  bacteria.  The 
grouping  results  from  the  manner  in  which  ' cell 


multiplication  takes  place.  Bacteria  reproduce 
by  binary  fission;  by  this  we  mean  the  bacteria 
split  (divide)  at  right  angles  to  their  long  axis. 
One  organism  becomes  two,  two  become  four, 
four  become  eight,  and  so  forth.  In  the  case  of 
binary  fission  in  the  rod-shaped  bacteria,  a  cell 
first  increases  in  length.  Then  a  constriction  de- 
velops across  the  narrow  width  of  the  cell  about 
midway  between  the  two  ends.  This  is  the  loca- 
tion at  which  cleavage  (fission)  takes  place  to 
give  us  two  cells  in  the  place  of  one.  Cell  division 
in  the  rod  forms  often  gives  rise  to  chains  of 
organisms  which  break  up  into  single  cell  masses. 
However,  if  individual  cells  do  not  separate 
cleanly,  and  there  is  post-fission  whipping  of 
bacilli,  the  siderby-side  palisade  arrangement 
shown  in  figure  17  can  result. 


Table  6 

ARRANGEMENT  OF  BACTERIAL  CELLS 


Arrangement 


SPHERICAL  FORM 
Single 

s 

-  Par 


:tt  

Chain 
Cluster 
Four 
Eight 


ROD  FORM 
Single 
Pair 
Chain 
Pal isade 


Terminology- 


coccus 


diplococcus 
streptococcus 
staphylococcus 
tetrad  ^ 
cube 


bacillus 
diplobacillus 
streptobacillus 
palisade 


SPIRILLUM,  always  occur  singly 
C9CC0BACILLUS,  same  as. for  spherical  forms 


Type  of 
Division 


in  one  plane 


in  one  plane 
in  many  planes 
two  ^*more  planes 
two  or  more  planes 


in  one  plane 

in  one  plane 

in  one  plane 
(post-fission 
whipping) 
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7-5.  Anfong  the  spherical  forms  (cocci),  cell 
division  can  occur  in  more  than  one  plane,  and 
the  distinctive  grouping  of  cells  which  follows 
reproduction  is  characteristic  of  certain  genera. 
To  picture  this  clearly,  imagine  that  we  place  an 
orange  on  a  table  and  slice  through  the*. center  of 
the  fruit  with  a  knife.  The  slice  can  be  m^de 
from  top  to  bottom  (one  plane),  or  laterally 
from  side-to-side  (a  second  plane),  or  even  on 
the  diagonal  (a  third  plane).  Also,  suppose  that 
each  half  grows  into  a  whole  orange,  to  be  sliced 
again.  A  scries  of  oranges  sliced'  each  time  from 
top  to  bottom  (only  one  plane)  will  yield  a  chain 
extending  along  the  surface  of  the  table.  This 
grouping  is  typical  of  the  streptococci.  Similarly, 
if  an  orange  is  sliced  first  from  top  to  bottom, 
and  the  resulting  two  oranges  are  sliced  in  a 
different  plane,  the  result  will  be  a  packet  or 
cluster  of  fruit  rather  than  a  chain. 

7-6.  In  this  manner,  the  grapelike  clusters 
typical  of  the  staphylococci  are  built  up  by  cell 
division,  first  in  one  plane  and  then  another  as 
reproduction  proceeds.  In  table  6  note  that 
spherical  organisms' are  found  in  pairs,  tetrads 
(groups  of  four  cells),  cubes,  and  clusters,  de- 
pending upon  the  number  of  planes  in  which  cell 
division  takes  place.  Incidentally,  you  can  best 
observe  these  characteristic  groupings  in  a  broth 
culture  rather  than  in  colonies  on  solid  media. 

7-7.  Variation.  If  wc  cultivate  bacteria  under 
carefully  controlled  laboratory  conditions,  we  can 
reasonably  expect  these  ^organisms  tCL_repraduc£_. 
iheir  typical  morphological  features  from  one 
generation  to*  the  next.  Likewise,  wc  expect  that 
manifestations  of  life  processes  will  remain  fairly 
constant  from  culture  to  culture  of  the  same 
organism.  But  now  and  then  we  encounter  al- 
tered growth  patterns  in  laboratory  cultures,  or 
morphological  changes  that  make  identification 
of  bacteria  difficult.  These  departures  from  nor- 
mal or  Atypical"  growth  of  a  species  are  called 
variation.  Variation  is  found  in  form  and  struc- 
ture of  the  cell  or  colony,  metabolic  processes, 
immunological  character,  and  ability  to  produce 
disease. 

7-8.  Variation  in  bacteria  introduces  an  ele- 
ment of  uncertainty  which,  coupled  with  the 
complexity  of  working  with  li\ing  biological  sys- 
tems, makes  the  positive  identification  of  mi- 
crobes one  of  the  most  challenging  and  time- 
consuming  procedures  in  the  clinical  laboratory. 
Fortunately,  we  ordinarily  have  sufficient  prop- 
erties that  are  characteristic  of  a  given  genus  or 
species  (cellular  and  colonial  morphology,  nu- 
tritional requirements,  immunological  compo- 
nents of  the  cell)  to  form  a  composite  picture 
that  enables  us  to  establish  identity. 

7-9.  Variation  ecnerallv -arises  from  either  of 


two  causes:  a  change  within  the  genetic  struc- 
ture of  cells  in  a  culture  (a  mutation);  or  a 
'noninherited  modification  in  appearance  or  be- 
havior (an  adaptation)  brought  on  by  environ- 
mental influences  as  a  laboratory  culture  of  oiga- 
nisms  grows  and  reproduces.  This  second  fcrm^ 
of  change  sometimes  occurs  despite  our  best  ef- 
forts to  supply  a  pathogenic  bacterium  with  the 
same  growth  conditions  it  enjoyed  in  the  human 
host  from  which  it  was  isolated. 

7-10.  Mutations.  Mutations  of  many  kinds 
occur  spontaneously  in  the  genes  of  the  bacterial 
nucleus.  A  gene  is  a  self-duplicating,  biologtcal 
unit  which  carries  an  inherited  trait  from  genera- 
tion to  generation  during  reproduction.  Many 
mutations  are  lethal  to  the  organisms  in  which 
they  occur,  but  others  are  not.  If  environmental 
conditions  favor  the  growth  of  a  mutant  cell,  the 
culture  will  soon  contain  a  mixture  of  both 
typical  bacteria  and  mutants.  Resistance  to  antibi- 
otics is  a  prime  example  of  a  spontaneous  muta- 
tion among  pathogenic  bacteria.  You  can  dem- 
onstrate this  mutation  very  easily  by  plating  a 
heavy  suspension  of  organisms  to  a  culture  me- 
dium containing  an  antibiotic. )  A  few  isolated 
colonies  of  the  drug-resistant  mutant  will  usually 
appear,  since  the  inhibitory  medium  permits  sur- 
vival of  only  the  resistant  forms  present  in  the 
inoculum.  The  physician  must  contend  with  this 
phenomenon  of  drug  resistance  in  treating  his 
patient  for  a  bacterial  infection.  The  infectious 
microorganism,  if..noLJikeady-  resistant  to  one  or 
more  antibiotics,  may  develop  resistance  by  muta- 
tion during  the  course  of  antibiotic  therapy, 

7-11.  Adaptations.  The  second  fonn  of  varia- 
tion we  spoke  of,  that  is  a  noninheriteel  modifi- 
cation, or  adaptation,  of  the  cell  is  perhaps  best 
exemplified  by  changes  in  size,  shape,  or  struc- 
ture of  bacteria  during  cultivation  in  the  labora- 
tory. A  stained  slide  prepared  from  a  patient's 
specimen  at  the  time  the  specimen  is  collected 
for  culture  will  quite  often  reveal  microbes 
greatly  different  in  morphology  from  those  w:iich 
grow  out  on  laboratory  media.  For  instance,  a 
coccuslike  form  found  in  body  tissues  may  emerge 
as  a  short  rod  in  the  colonies  gro\ying  on  a  blood 
agar  plate.  Capsules,  or  a  slime  layer,  are  often 
formed  around  an  organism  in  the  body,  only  to 
be^lo^t  during  cultivation  on  artificial  media.  This 
loss  is  usually  accompanied  by  a  change  in  co;ony 
texture  from  smooth  (S)  to  rough  (R).  To  cite 
another  example,  the  bacillus  causing  the  disease 
anthrax  in  animals  and  man  tends  to  remain 
in  the  vegetative  (nonsporc)  state  during  repro- 
duction in  the  host.  Spore  formation  characteris- 
tically takes  place  only  outside  of  host  tissues,  or 
in  laboratory  media. 
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7-12.  There  are  two  other  terms  which  you 
should  become  familiar  with  because  they  are 
often  used  in  discussions  of  microbial  morphology 
and  variation — involution  f6rms  and  pleomor- 
phism.  Involution  forms  are  abnormal,  bizarre, 
shapes  assumed  by  bacteria  in  aging  cultures,  or 
urder  highly  unfavorable  environmental  condi- 
tions. These  forms  may  bear  no  clear  resem- 
blance to  the  usuM5fc|j)hological  features  of  the 
genus  to  which  theJR&elong.  For  instance,  after 
exposure  to  antibiotics  a  short  rod  may  produce, 
in  culture,  extremely  long  filamentous  forms  be- 
cause the  action  of  the  antibiotic  has  interfered 
wrh  the  process  of  cell  division. 

7-13.  Some  genera  of  bacteria^  are  more 
prone  than  others  to  grow  in  a  variety  of  shapes 
that  can  make  identification  difficult — even  m„a 
favorable  cultural  environment.  Species  of  the 
genus  Actinomyces,  pathogens  of  man  and  ani- 
mals, are  good  examples.  They  have  morphologi- 
cal properties  akin  to  those  of  the  molds  and 
higher  fungi.  Actinomyces  are  s^id  to  be 
pleomorphic  in  that  they  occur  naturally  in  sev- 
eral forms:  as  short  coccal  forms,  bacillary  frag- 
ments, club-shaped  rods,  and  branched  structures 
which,  to  the  inexperienced  bacteriologist,  seem 
to  represent  a  mixed  culture. 

3.  Cultivation  of  Bacteria 


S-T.  T^ny-plant  or  animal  will  flourish  or  di^) 
depending  on  its  environment.  Given  ample  food, 
water,  and  the^  proper  atmosphere,  abundant 
growth  will  follow;  however,  let  the  opposite  be 
true  and  death  ensues.  Bacteria  are  no  different 
in  this  regard.  They  will  flourish  and  reproduce 
in  the  laboratory  if  carefully  cultivated. 

8-2.  You  can  conclude  from  our  discussion  so 
far  that  bacteria  cannot  be  identified  as  to  spe- 
cies, and  usually  not  to  genus,  on  the  basis  of 
morphology  and  staining  reactions  alone.  There- 
fore, you  must  supplement  your  microscopic  ex- 
amination by  studying  the  appearance  and 
growth  characteristics  of  bacteria  on  laboratory 
media.  But  in  order  to  set  up  the  proper  condi- 
tions for  microorganisms  to  survive  and  multiply 
on  artificial  media  you  must  first  learn  something 
about  microbial  growth  requirements. 

8-3.  Growth  Requirements.  To  cultivate  bac- 
teria in  the  laboratory  you  must  consider  several 
important  factors.  These  factors  are  very  similar 
to  those  involved  in  the  life  processes  of  other 
plants,  animals,  and  humans.   These  arc: 

•  Nutrition  (proper  food). 
j  •  Moisture. 

•  Acidity/alkalinity  (pH). 
jt^/Temperature. 

•  Gas  Exchange. 


8-4.  Nutrition.  The  project -foods  include-  a 
source  of  carbon  (organic  or  inorganic),  nitro- 
gen for  the  production  of  amino  acids  and  similar 
products,  inorganic  chemical  salts,  and  other 
growth-promoting  substances.  Most  media  con- 
tain peptone,  a  breakdown  product  from  protein, 
which  provides  an  available  source  of  carbon  and 
nitrogen.  Certain  pathogens  need  serum  or  blood 
in  order  to  reproduce  on  culture  media.  Carbo- 
hydrates are  needed  by  some  organisms  as  a 
source  of  energy,  but  not  by  others.  You  may 
add  calcium,  magnesium,  potassium,  and  sodium 
salts,  as  well  as  certain  other  minerals,  and  even 
dyes,  to  culture  media  to  either  assist  or  inhibit 
bacterial  growth,  depending  upon  your  purpose 
in  cultivation. 

8-5;  Moisture.  Moisture  is  essential  for  growth. 
There  is  usually  sufficient  moisture  in  a  culture 
medium,  particularly  in  a  broth.  You  can  add 
moisture  to  closed  containers,  such  as  candle 
jars,  by  soaking  a  piece  of  gauze  or  cotton  with 
water  and  placing  the  dampened  material  in  the 
container  beside  the  plates  of  medium. 

8-6.  Acidity/alkalinity  pH.  The  proper  pH 
must  be  maintained  during  the  life  of  the  bac- 
teria. Just  as  you  would  die  if  your  body  pH 
changed  very  much,  so.  will  bacteria.  Media  are 
usually  prepared  to  a  specific  pH  in  the  range  of 
6.8  to  7.2.  Hdwever,  as  bacteria  grow  they 
utilize  the  food  available  to  ihem,  and  in  so  do^~ 
ing,  change  the  pH  of  the  medium  because  of 
the  accumulation  of  their  waste  products.  To 
counteract  this  change,  buffering  agents  are  in- 
corporated into  culture  media.  Buffer  substances  v 
retard  changes  in  the  pH  of  the  growing  culture, 
thus,  permitting  more  abundant  growth  before  a 
limiting  acidity  or ^Jkalinity  is  reached. 

8-7.  Temperature.  Bacteria  vary  considerably 
with  respect  to  their  temperature  requirements 
for  growth.  We  classify  all  bacteria  into  three 
broad  temperature  groups:  psychrophilic,  meso- 
philic,  and  thermophilic.  Psychrophilic  or  cold- 
loving  forms  grow  more  readily  at  lower  tempera- 
tures, 15°  to  26°  C;  mesophilic  forms  grow  best 
at  30°  to  37°  C;  and  thermophilic  or  heat-loving 
forms  grow  best  at  50°  to  60°  C.  The  majority  of 
human  pathogens  arc  mesophilic,  growing  best  at 
37°  C.  A  constant  temperature  incubator  adjusted 
to  37°  C.  satisfies  the  temperature  requirement  for 
most  pathogens. 

8-8.  Gas  Exchange.  Gas  exchange  between 
bacteria  and  their  environment  is  vital.  While 
most  of  the  bacteria  encountered  in  medical  bac- 
teriology will  grow  under  conditions  of  normal 
atmospheric  oxygen,  certain  others  need  more 
carbon  dioxide  than  is  found  in  air.  Still  others 
can  obtain  their  oxygen  only  from  chemicals  in- 
corporated in  the  medium.   Since  some  patho- 
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genie  forms  can  use  only  one  of  the  several  dif- 
ferent systems  of  respiration  found  among 
bacteria  in  general,  you  must  furnish  the!  specific 
atmospheric  environment  which  those  disease 
agents  require.  Otherwise,  your  isolation  attempts 
will  almost  always  result  in  failure.  We  will  take 
a  closer  look  at  some  of  the  types  of  respiration 
found  in  bacteria,  along  with  other  physiological 
principles  important  in  cultivating  microorga- 
nisms. 

8-9.  Physiology.  Respiration  is  a  process  by 
which  bacteria  generate  energy  for  growth.  You 
learned  in  basic  chemistry  that  energy  is  released 
through  a  coupled  reaction  in  which  one  com- 
pound is  oxidized  while  another  compound  is 
simultaneously  reduced.  You  will  recall  that  oxi- 
dation represents  a  loss  of  electrons,  and  reduc- 
tion a  gain  of  electrons.  Tn  bacterial  respiration, 
electron  transport  is  accompanied  by  the  transfer 
of  hydrogen  atoms.  So,  for  all  practical  purposes 
the  energy-yielding,  oxidation-reduction  reaction 
can  be  pictured  as  a  transport  of  hydrogen  atoms 
from  one  compound  to  another.  In  other  words, 
an  oxidized  compound  within  the  cell  (hydrogen 
donor)  gives  up  one  or  more  hydrogen  atoms 
to  a  second  compound  (hydrogen  acceptor) 
which  is  thereby  reduced  by  its  acceptance  of 
the^e  same  hydrogen  atoms. 

8-10.  Bacteria  can  utilize  a  wide  assortment 
of  organic  and  inorganic  compounds  in  generating 
energy  for  cell  functions.  In  general  terms,  if 
members  of  a  given  species  can  couple  hydrogen 
atoms  with  atmospheric  oxygen  (the  hydrogen 
acceptor)  as  the  final  link  in  a  chain  of  oxida- 
tion-reduction reactions,  then  we  speak  of  this, 
process  as  "aerobic"  respiration.  If  some  chemi- 
cal substance  other  than  free  oxygen  serves  as 
ihf  hydrogen  acceptor,  we  term  this  respiration 
"anaerobic."  In  bacterial  classification,  micro- 
organisms can  be  divided  into  four  major  cate- 
gories on  the  basis  of  their  requirements  for 
atmospheric  oxygen  as  the  hydrogen  acceptor: 

( 1 )  Aerobes. 

(2)  Facultative  anaerobes. 

(3)  Obligate  anaerobes. 

(4)  Microaerophils. 

8-11  Aerobes.  An  aerobe  growing  on  solid 
medium  must  have  oxygen  gas  in  the  atmos- 
phere surrotifc^ing  the  culture.  Broth  cultures 
must  contain  dissolved  oxygen  throughout  the 
iiquid  in  order  for  aerobic  respiration  to  proceed. 
Quite  often  the  diffusion  of  oxygen  into  the  broth 
is  accelerated  by  agitating  (shaking)  the  medium 
during  incubation.  In  most  aerobic  organisms  the 
hydrogen  atoms  arising  from  oxidation-reduction 
reactions  in  the  cell  arc  joined  to  atmospheric 
oxygen  to  form  hydrogen  peroxide  (H-O-j)  as 


the  end  product  in  respiration.  Since  H-jOn  is 
toxic  to  biologic  systems,  the  aerobes  produce 
an  enzyme,  catalase,  to  break*  down  the  harmful 
compound  into  water  and  oxygen. 

8-1 2.  Facultative  anaerobes.  This  type  of 
bacterium  is  able  to  use  cither  atmospheric  oxy- 
gen or  some  other  substance  as  a  hydrogen  ac- 
ceptor. By  this  jproccss,  a  facultative  organism 
can  adapt  to  grow  in  either  an  aerobic  or  an 
anaerobic  environment.  Many  of  the  bacteria 
•  which  normally  live  in  the  human  intestine  are 
facultative  anaerobes  which  show  rapid  growth 
aerobically  on  laboratory  media.  They  can-adapt 
to  anaerobic  conditions  when  the  supply  of  oxygen 
ifi  the  culture  is  exhausted.  Most  of  the  patho-  ^ 
genie  organisms  we  will  study  are  facultative " 
anaerobes. 

8-13.  Obligate  anaerobes.  An  obligate  anaer- 
obe will  not  grow  in  a  culture  exposed  to  at- 
^mospheric  oxygen.  Free  oxygen  is  toxic  to  the 
anaerobe's  respiratory  mechanism,  and  hydrogen 
atoms  are  usually  transferred  only  between  cer- 
tain organic  compounds  fabricated  by  the  cell  ^ 
from  constituents  of  the  culture  medium.  In  ef- 
fect, the  anaerobic  forms  do  not  possess  the  res- 
piratory enzymes  necessary  to  couple  hydrogen 
atoms  with  oxygen,  the  hydrogen  acceptor  com- 
monly used  by  the  aerobes  and  facultative  anaer- 
obes. Many  of  the  obligate  anaerobes  of  interest 
to  us  in  the.  clinical  laboratory,  such  as  the  gan- 
grene'organisms  of  the  genus  Clostridium,  sur-. 
vrve  an  oxygen  atmosphere  by -forming  resistant 
spores.  These  spores  remain  metabolically  in- 
active until  an  environment  free  of  oxygen 
stimulates  their  germination. 

8-14.  Microaerophils.  Between  the  strict  aer- 
obes and  the  obligate  anaerobes  we  find  seme 
interesting  gradations  among  bacteria  with  respect 
to  requirements  for  atmospheric  oxygen.  For 
example,  the  microaerophils  are  a  group  of  sapro- 
phytic (nonpathogens)  forms  for  which  oxygen 
is  toxic  in  normal  atmospheric  concentration. 
These  bacteria  are  not  true  anaerobes  because 
a  need  for  oxygen  does  exist,  although  the 
amount  required  is  extremely  small.  Then,  again, 
there  are  so-called  -indifferent  microbes  which 
can  grow  either  in  the  presence  or  absence  of 
oxygen.  The  gas  is  not  toxic  to  these  anaerobic 
organisms,  but  atmospheric  oxygen  is  not  u^ed 
as  a  hydrogen  acceptor  in  respiration. 

8-15.  Colony  Morphology.  Tn  a  suitable  en- 
vironment, a  bacterium  will  grow  and  multiply. 
As  a  result,  where  originally  there  was  one  or- 
ganism, descendents  (progeny)  of  that  organism 
begin  to  build  up  around  the  original  cell.  Within 
a  short  period  of  time  there  are  enough  orga- 
nisms in  one  area  to  be  seen  macroscopically. 

43 


ERIC 


m  •  ♦ 


CIRCULAR 


RADIATED  LOBATE  C 


O 


LOBATE 


DENTATED 


CONCENTRIC 


REGULAR  MYCELOlD         IRREGULAR. CURLED. 

UNDULATE  EDGE 


IRREGULAR 

FILAMENTOUS 


IRREGULAR  RHlZOlD 


Figure  18.    Colony  shape. 

As  these  organisms  reproduce,  they  form  groups, 
or  colonies,  which  possess  qualities  thatxaid  in 
th^ir  identification.  The  qualities  are  referred  to 
as  colony  shape,  size,  and  texture.  Recognition 
of  typical  colonies  of  each  genus  is  cssqptial  as 
a  step  to  identification. 

%-16.' Colony  shape.  Colony  shape  refers  to 
the  outline  g(  the  colony,  along  with  its  eleva- 
tion above  the  medium.  When  examining  colony 
growth,  you  must  observe  individual  colonies 
which  have  not  been  distorted  or  influenced  by 
colonies  growing  in  close  proximity.  Certain 
terms  are  used  to  describe  colonial  shape  in  re- 
lation to  its  outer  edge,  such  as  circular,  undulate, 
lobate,  crenated,  etc.  Some  colonies  may  be  ir- 
regular and  appear  spread  out.  You  can  sec  ex- 
amples of  colony  shape  in  figure  18. 

8-17.  The  more  motile  an  organism,  the 
greater  will  be  the  area  of  the  colony.  For  ex- 
ample, Proteus  vutgaries  may  produce  spreading 
co'onies  which  will  cover  the  entire  plate  and 
give  the  appearance  of  a  thin  film  of  bacteria 
on  the  plate — H-type  colonies.  Proteus  may  also 
grow  as  a  small  discrete  colony — O-type  colonics. 
The  H  and  O  designations  were  derived  from 
the  German  words,  Hauch  and  Ohnc-hauch,  de- 
noting spreading  and  nonspreading  forms.  The 
H-type  colony  is  due  to  active  flagellar  motion, 
and  the  O-type  colony  indicates  a  nonflagellated 


and,  therefore,  nonmotile  organism.  It  is  signifi- 
cant that  the  presence  of  flagella  correlates  with 
the  antigenic  properties  of  the  organism.  Antigens 
'  arc  chemical  components  of  the  bacterial  cell 
which  stimulate  the  formation  of  specific  protec- 
tive substances,  "antibodies,"  in  the  bloodstream 
of  man  and  animals.  You  will  learn  later  how  to 
capitalize  on  this  phenomenon  by  using  serologi- 
cal techniques  to  detett  differences  in  antigenic 
structure  of  closely  related  microorganism.  Some- 
times you  can  distinguish* morphologically  iden- 
tical species  only  by  nleans  of  analysis  of  their 
antigens. 

8-18.  Colony  elevations  arc  described  by  such 
terms  as  flat,  convex,  umbilicate,  raised,  um- 
bonate,  papillary,  and  convex  rugose,  as  we  have 
illustrated  in  figure  19.  To  best  view  these  char- 
acteristics, you  should  use  oblique  light  and  a 
hand  lens  to  see  shadow  effect.  Older  colonics 
may  tend  to  flatten  and  yield  nontypical  fea- 
tures. Be  aware  of  the  time  element. 

8-19.  Colony  size.  The  size  of  a  colony  is 
labeled  as  dwarf  (diphtheroidal),  pinpoint,  small, 
discrete,  large,  or  spreading.  Under  normal  cul- 
tural conditions,  size  is  an  aid  in  identification. 
Significance  is  often  attached  to  minute  (dwarf) 
colonics  in  that  these  anfr  apt  to  be  variant  col- 
onies having  a  degree  of  virulence  different  from 
that  of  larger  colonies  of  the  same  organism.  As 
with  theiihapc  of  xhcxoldny,  .size  can  be  affected 
by  factors  of  motility.  Di$tortion  in  size  may  also 
be  caused  by  the  presence  of  too  much  moisture 
on  the  medium  surface.  This  is  one  reason  why 
you  should  not  inoculate  media  surfaces  with 
bacteria  while  -water  drop|lets,  arising  from  con- 
densation, arc  still  present  on  the  culture  plate. 
The  resulting  growth  may  not  take  the  form  of 
isolated  colonies  needed  as  an  aid  in  identifica- 
tion. 

8-20.  You  can  gather  dthcr  information  from 
tube  cultures.  In  figure  20,  you  can  see  the  dif- 
ferent growth  patterns  of  organisms  on  a  Slant 
culture.  For  certain  identification  procedures, 
you  may  do  a  stab  culture  to  examine  the  growth 
of  organisms  within  a  solijd  medium.  Figd£  21 
shows  the  growth  patterns  in  a  solid  medium. 
The  pattern  obtained  aids  in  identification.  We 
will  discuss  the  preparation  of  these  cultures  in 
Chapter  4. 

8-21.  Colony  texture.  Another  useful  aid  to 
identification  is  the  texture  of  the  colony.  Texture 
is  described  by  such  terms  as  rough,  smooth. 
,  glistening,  mucoid,  heaped,  etc.  Some  colonies 
are  so  mucoid  that,  if  you  touch  them  with  a 
metal  loop,  you  will  see  a  long  string  of  sticky 
r  material  adhering  to  the  loop  as  you  withdraw 
it.  Mucoid  colonies  can  Result  from  heavy  cap- 
sule formation  by  individual  cells,  or  by  sccre- 
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tions  produced  by  bacterid  in  response  to  an 
external  stimulus,  such  as  phenol  in  a  medium. 

8-22.  Smooth  (S)  and  rough  (R)  colonies  are 
frequently  encountered.  Many  bacteria  produce 
both  the  S-  and  R-type  colonies.  Th^k  S-typc 
colony  is  generally  smooth,  translucent,  convex, 
glistening  (moist),  circular,  and  "butterlike"  in 
consistency.  The  S-type  bacteria  are  usually  en- 
capsulated and,  as  a  rule,  will  produce  a  smooth 
growth  in  a  liquid  medium  or  bfoth. 

8-23.  Loss  of  virulence  or  capsule  may  cause 
the  bacteria  to  show  a  variation  in  colonial 
growth:  that  is,  instead  of  an  S  colony,  an  R 
colony  is  produced.  An  R  colony  is  generally 
dull  in  appearance,  less  translucent  (more 
opaque)  than  the  S  colony,  and  may  have  an 
irregular  circumference  and  a  wrinkled  or  rough 
surface.  Bacteria  from  R  colonies,  when  grown 
in  broth,  .nay  form  flakes  or  granules.  They 
may  settle  to  the  bottom  or.  form  a  surface  scum 
cr  pellicle.  Stained  slides  made  from  the  broth, 
or  from  surface  colonies  from  the  plated  medium, 
will  usually  reveal  long,  filamentous  organisms. 


8-24,  Bacterial  Pigments.  In  addition  to  shapt, 
size,  and  texture,  bacterial  colonies  can  develop 
certain  characteristic  colors  or  pigmentation,  or 
cause  the  surrounding  medium  to  become  pig- 
mented. Although  we  don't  know  exactly  how 
these  pigments  are  formed,  they  often  give  us  a 
hint  as  to  the  identity  of  organisms  growing  on 
plated  media  or  in  a  culture  tube.  Color's  are 
produced  in  a  wide  range,  depending  upon  the 
type  of  medium  used,  time  and  temperature  of 
incubation,  age  of  culture,  and  other  environ- 
mental factors.  On  a  dye-free  medium  the  col- 
onies of  most  bacteria  are  white  to  gray  ar?d 
range  from  opaqufc  to  translucent.  But  with  the 
pigmented  media,  a  colony  may  be  a  bright  yel- 
low on  one  medium,  and  a  dull  yellow,  orange, 
or  white  on  another. 

8-25.  The  two  major  groups  of  pigment  that 
you  may  encounter  are  leukobases  ,  and  lipo-  K 
chromes.  Leukobases  are  compounds  which,  af- 
ter being  excreted  by  the  bacteria,  are  oxidized 
to  form  a  colored  product.  An  example  of  this 
reaction  is  found  in  Pseudomonas  aeruginosa. 
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Figure  20.    Slant  streak  culture. 


The  organism  produces  a  £Iue  pigment,  pyo- 
cyanin,  which  gives  -us  the  term  "blue  pus"  that 
is  descriptive  of  certain  wound  infections.  Lipo- 
cnrome  pigments  are  red,  yellow,  and  orange; 
they  are  similar  to  those  produced  by  flowers 
and  to  pigments  seen  in  butter  and  egg  yolk. 

8-26.  Pigments  vary  a  great  deal  in  color  in- 
tensity, even  with  the  same  organism.  Moreover,  N 
they  are  unstable  substances.  Only  if  you  inter- 
pret pigmentation  with  certain  considerations  «in 
mind  (i.e.,  the  conditions  of  cultivation,)  can 
^pigment  formation— be-  used  -as  an-  -identifying 
characteristic.'1  There  are  three  types  of  pigments 
of  interest  to  you,  based  on  solubility  differences 
in  common  laboratory  "solvents.  They  are  (1 ) 
carotenoids,  (2)  anthocyanins,  and  (3)  melanins. , 
in  table  7,  we  have  listed  the  types  of  pigments, 
iheir  colors,  and  some  of  the  organisms  which < 
produce  them.  These  bacterial  genera  are  often 
found  as  isolates  from  clinical  specimens. 


8-27.  Anaerobic  Cultures.  In  our  earlier  dis- 
cussion of^anaerobic  organisms,  we  mentioned 
decreased  oxygen  tension  as  a  requirement  for 
growth.  The  Difco  manual-  lists  the  following 
means  of  obtaining  partial  or  complete  anaero- 
biosis: 

a.  Addition  of  small  amounts  of  agar  to  liquid 
media. 

b.  Addition  of  fresh  tissue  to  the  medium. 

c.  Culturing  in  the  presence  of  aerobic  orga- 
nisms, i 

— rf^Addrtton— of  a  reducing— sttbstonee— to— the 
medium. 

e*  Displacement  of  the  air  by  carbon  dioxide. 
/.   Absorption  of  the  oxygen  by  chemicals. 
£.„ Removal  of  oxygen  by  direct  oxidation. 
h.  Incubation  in  the  presence  of  germinating 
grain  or  potato. 


1  Difco  Manual.  9th  edition.  Difco  Laboratories,  Detroit,  Mich. 
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Figure  21.    Tube  stab  culture. 
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Table  7 


Type  Pigment 
Carotenoid 


BACTERIAL  PIGMENTS 
Color 
Red,  yellow,  orange 


Anthocyanins 


Melanins 


Blue,  red,  intermediate 

colors 
Red,  brown,  orange, 

black 


Representative  Genera 

Sarcina 

Micrococcus 

Staphylococcus 

Pseudomonas 

Bacillus 


i.  Inoculation  into  the  deeper  layers  of  solid 
mediator  under  a  layer  of- oil  in  liquid 
media. 

/'.  Combinations  of  these  methods. 

As  you  can  see.  there  are  numerous  techniques 
to  accomplish  the  various  degrees  and  special 
states  of  anaerobiosis.  However,  in  daily  practice 
relatively  simple  procedures  are  available  and 
in  common  use. 

8-28.  Thioglycollate  broth.  This  is  a  medium 
which  contains  a  small  amount  of  agar  in  a  liquid 
medium.  It  is  excellent  for  cultivating  strict  an- 
aerobes as  well  as  aerobes.  The  sodium  thio- 
gTy collate  in  the  medium  acts  as  a  reducing  agent 
and  complete  anaerobiosis  is  produced  in  all  but 
the  very  upper  portion  of  the  mfedhim.  Thio- 
glycollate fluid  medium  is  widely  used  as  a 
routine  broth  medium  for  most  bacteriological 
analyses. 

8-29.  Burning  candle  method.  Many  mic 
organisms  require  a  carbon  dioxide  concentra- 
tion above  normal  atmospheric  levels.  You  can 
supply  an  atmosphere  containing  2  to  3  percent 
carbon  dioxide  by  incubating  cultures^  a  candle 
jar  shown  in  fipfre  22.  Any  wide-mbuth 
vessel  with  an  airtight  lid  will  suffice,  provided 
it  is  large  enough  to  accommodate  several  cul- 
tures. Place  the  inoculated  tubes  or  plates  of 
media  in  the  vessel,  then  place  a  lighted  candle 
in  the  container  above  the  cultures,  and  securely 
tighten  the  lid.  The  burning  candle  will  be  ex- 
tinguished when  about  2  to  3  percent  carbon 
dioxide  has  accumulated.  Be  certain  to  place 
the  candle  as  high  as  possible  in  the  candle  jar 
to  permit  accumulation  of  CO.-  which  extin- 
guishes the  flame.  (The  CO-  is  heavier  than 
air  and  fills  the  bottom  first.) 


8-30.  Brewer  jar.  The  Brewer  anaerobic  jar 
shown  in  figure  23  is  a  large,  cylindrical  vessel 
which  will  accommodate  several  agar  plates  and 
test  tube  cultures.  Either  hydrogen  or  natural 
gas  may  be  used  to  create  the  desired  atmos- 
phere. Since  natural  gas  is  rfcadily  available,  it  is 
far  more  practical  and  less  dangerous  to  use  in 
securing  anaerobiosis  with  a  Brewer  jar. 

8-31.  When  operating  a  Brewer  jar  with  na- 
tural gas,  place  a  tube  of  soda  lime  inside  the 


47 


Figure  22.    Candle  jar. 
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Figure  23.    Brewer  anaerobic  jar. 


jar  along  with  the  cultures.  The  soda  lime  will 
ahsorb  the  excess  carbon  dioxide  formed  and, 
thereby,  prevent  a  lowering  of  pH  in  the  culture 
media.  During  the  process  of  obtaining  anacro- 
biosis,  proper  functioning  of  the  apparatus  is 
shown  by  the  formation  of  droplets  of.  water  on 
the  inside  of  the  jar. 

8-32.  Pyrogallol  technique.  Another  anaero- 
bio  method  is  the  pyrogallol  anaerobic  technique, 
pvrogallic  acid  ana  sodium  carbonate  arc  mixed 
in  an  airtight  system,  the  oxygen  is  absorbed 
by  alkaline  pyrogallol,  and  an  anaerobic  atmos- 
phere prevails.  This  technique  can  be  modified 
for  any  leakproof  vessel  which  will  accommodate 
cultures.  Standard  supply  items  arc  available  for 
this  technique  also. 

8-33.  Bray  dish.  The  Bray  dish  used  for  this 
technique  is  illustrated  in  figure  24.  One  side 
of  the  divided  Bray  dish  bottom  is  charged  with 
a  40  percent  solution  of  pyrogallic  acid.  A  20 


percent  solution  of  sodium  carbonate  is  added 
to  the  other  side  of  the  Bray  dish  bottom.  You 
should  take  care  to  prevent  mixing  of  the  solu- 
tions at  this  stage.  Inv'ert  the  inoculated  agar 
dish  ancl  place  it  over  the  wide  mouth  of  the 
Bray  dish.  You  should  carefully  seal  it  to  the 
Bray  dish  with  a  strip  of  parafilm,  or  suitable 
sealing  material.  Gently  rock  the  vessel,  thor- 
oughly mixing  the  pyrogallic  acid  and  sodium 
carbonate  solutions.  This  will  cause  absorption 
of  the  oxygen  arid  create  an  anaerobic  atmos- 
phere. 

8-34.  Sodium  carbonate  method.  A  modifi- 
cation of  the  Bray  dish  technique  is  to  use  a 
section  of  filter  paper  fitted  inside  the  4  lid  of  a 
Petri  dish,  as  shown  in  figure  25.  A  pinch  (ap- 
proximately 0.5  g,)'of  crystalline  pyrogallic  acid 
and  a  pinch  of  crystalline  sodium  carbonate  arc 
mixed  together  on  the  filter  paper.  Moisture  for 
the  reaction  will  be  obtained  from  the  agar. 
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Figure  24.    Technique  for  bray  dish. 

Place  rfie  inoculated  agar  dish  oh  the  lid  and 
carefully  seal  it  with  suitable  scaling  material. 

8-35.  You  must  incubate  cultures  in  the  usual 
inverted  position  so  that  the  reagents  or  filter 
paper  will  not  contaminate  the  culture.  When 
several  tubes  pr  plates  are  to  be  incubated  an- 
aerobically  in  a  large,  leakproof  vessel,  the  usual 
proportions  jrf  reagents  arc  10  g.  of  pyrogallic 
acid  and  100  ml.  of  20  percent  sodium  car- 
bonate per  liter  o£  air  space. 

8-  36.  To  obtain  an  ^atmosphere  of  10  percent 
carbon  dioxide,  you  can  use  another  method. 
Invert  the  inoculated  medium  platt^  and  place 
it  in  a  vessel  equipped  with  ati  airtight  lid.  Place 
one  gram  of  sodium  carbonate  for  each  liter  of 
vessel  capacity  in  a  small  open  container  inside 
the  vessel.  Cover  the  sodium  carbonate  with  cot- 
ton and  add  100  ml.  of  3  percent  sulfuric  acid 
for  each  gram  of  sodium  carbonate  used.  Then, 
.securely  fasten  the  lid. 

9.  Culture  Media  and  Environment 

9-  1.  Bacteria  had  been  grown  inxulturc  broths 
for  some  time  before  Robert  Koch,  the  German 
physician,  began  experimenting  with  solid  media 

"in  the  1800s.  He  first  used  2  to  5  percent  gelatin; 
,which  worked  well  in  cool  temperatures  or  when 
the  bacteria  did  not  hydrolyzc  the  gelation.  *Frau 
Hesse,  wife  of  one  of  his  investigators  suggested 
agar-agar,.  r  a  seaweed  preparation  commonly 
called  agar.  Agar  had  come  to  European  kkchsns 
from  Java  and  was  used  in  preparing  jellies. 
This  new  material  seemed  inert  to  the  action  of 
bacteria.  It  launched  a  whole  new  era  in  the 
study  and  isolation  of  bacteria. 

9-2.  Since  Robert  Koch's  introduction  of  solid 
culture  media  for  growing  and  isolating  bacteria, 
the  field  of  bacteriology, has  expanded  and  pros- 
pered.. A  great  deal  of  research  "has  been  done 
to  prepare  an  artificial  medium  which  is  similar' 
to  the  environment  each  organism  prefers  in  na- 
ture. In  order  for  bacteria  to  build  up  their  cells 
and  reproduce;  the  elements  necessary  for  the 


various  cell  structures  an£  functions  must  be  sup- 
plied in  the  immediate  environment. 

9-3.  General  Classes  of  Media*  No  single  cul- 
ture medium  is  satisfactory  for  cultivating  all  bac- 
teria. A  general  purpose  or  basal  culture  medium 
has  sources  of  carbon,  nitrogen,  and  inorganic 
salts;  but  the  addition  of  other  substances,  such 
as  blood,  serum,  amino  acids,  qr  vitamins  may 
be  required  for  growth  of  pathogenic  organisms: 
The  basic  energy  sources  are  supplied  by  wuter 
extracts  or  infusions  of  meat,  vegetables,  or  yeast. 
Other  complex  energy  sources  include  hydroly- 
sates  or  digests  of  protein  which  yield  the  nitrogen- 
containing  amides,  amino  acids,  peptides,  pep- 
tones, and  proteoses. 

9-4.  Additional  energy  sources  may  be  sup- 
plied by  carbohydrates,  alcohols,  organic  ncids, 
glucosides,  or  similar  materials.  Carbohydrates, 
especially  glucose,  are  oftefl  incorporated  into  me- 
dia for  the  primary  isolation  of  pathogens.  When 
studies  for  hemolysis^are  to ''be  performed,  how- 
ever, carbohydrates  should  be  excluded  from 
blood  agar  for  they  tend,  to  inhibit  the  bacterial 
production  of  certain  hemolysins. 

9-5.  Culture  media  may  be  liquid  or  sol?d. 
You  can  prepare  a  solid'Tnedium  by  adding  *gar 
to  a  liquid  nutrient  medium.  As  previously  men- 
tioned, agar  is  an  inert,  purified  extract  of  Gelid- 
ium  species,  a  type  of  seaweed,  which  is  not 
metabolized  by  bacteria.  Heat  a  liquid  medium 
with  added  agar  powder  or  flakes  to  melt  the  agar 
and  then  sterilize  it.  At  a  temperature  of  96°  to 
98°  C.  agar  melts  and  goes  into  solution.  V\>on 
codling  to  40°  the  agar  solidifies  and  congeals 
the  medium.  You  generally  *use  agar  in  1.5  to 
2.0  percent  concentrations  in  preparing  solid  me- 
dia. Lower  concentrations  give  a  semi-solid  me- 
dium which  is  ideal  for  performing  mo:ility 
checks  of  pure  cultures. 

9-6.  Your  iftain  purpose  in  culturing  bacteria 
is  to  produce  pure  cultures  on  a  solid  medium. 
Therefore,  a  very  important  factor  in  media  prep- 
aration is  sterility.  Media  must  be  free  of  bac- 
teria before  inoculation  so  that  growth  of  the  or- 
ganism from  a  clinical  specimen  will  not  be 
fnasked  or  inhibited  by  contaminants.  The  most 
common  means  of  sterilizing  media  is  by  the  c»uto- 
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Figure  25.  *  Technique  for  petri  dish. 
4* 


clave  in  which  steam  under  pressure  is,  used  to 
reach  the  necessarily  high  temperature  of  about 
12) 3  C  _ 

'  9*7.  Prolonged  heating  at  high  temperatures 
can  change  the  composition  of  a  medium,  For 
example,  excessive  heat  can  chemically  bre?  c 
do«  n  lactose  broth,  an*d  may  demonstrate  a  pos- 
itive lactose  fermentation  (false  positive)  by  or- 


ganisms which  do  not  ferment  lactose.  Increased 
heat  may  also  make  a  medium  more  acid  than 
desired,  or  form  an  undesirable  precipitate  which 
will  be  visible  in  the  medium.  The  gelling  ability 
of  the  VnecHum  may  also  be  destroyed. 

9-8.  Wheta  you  prepare  media  from  commer- 
cial sources/  follow  the  manufacturer's  direction 
very  carefully  as  to  time  and  temperature  of  sterr 
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Figure  26.    Flask  of  sterilized  medium, 
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ilization.  Much  of  the  media  used  today  is  com- 
mercially prepared  and  available  in  powdered, 
-dehydrated  form.  This  powder  contains  the  in- 
gredients necessary  to  grow  the  bacterid  for  which 
it  was  specifically  designed  and  needs  only  to  be 
reconstituted  with  a  fluid  and  sterilized  before  use. 

9-9.  In  order  to  select  and  prepare  cultures  for 
various  bacteriological  analyses,  it  is  necessary  for 
you  to  become  familiar  with  the  many  and  varied 
types  of  media.  We  can  break  the  media  we  com- 
monly use  into  the  following  principal  types: 

•  Basal. 

•  Enriched. 

•  •  Isolation  (differential  and  selective). 

•  Biochemical.  * 

9-10.  Basal.  Basal  media  contain  ordinary 
-peptone,  peptone  and  meat  extract,  or  peptone 
and  meat  infusion,  with  0.5  percent  sodium  chlo- 
ride. Agar  is  added  when  solid  media  are  re- 
quired. Such  basal  media  are  used  for  growing 
nonfastidious  organisms  which  comprise  the  ma- 
jority of  bacteria. 

9-1  I.  Enriched.  Enriched  media  arc  usually 
prepared  by  adding  blood,  serum,  ascitic  fluid, 
amino*  acids,  or  other  complex  nutrients  to  a  basal 
medium  for  the  primary  isolation  and  subculture 

*  of  fastidious  organisms  (usually  pathogens).  The 
sterile  enrichment*  substances  must  be  added  after 
sterilization  of  the  basal  media. 

9-12.  Isolation.  Isolation  media  are  used  to 
obtain  pure  cultures  of  pathogenic  microorgafnisrr\s° 
from  a  heavily  contaminated  source  such  as  a 
fecal  specimen  Specific  agents  are  added  to  the 
media  to  retard  or  prevent  the  growth  of  con- 
taminants present  in  the  specirncn  without  affect- 
ing the  growth  of  any  pathogens.  When  you  use 
such  media  in  the  solid  state,  you  may  add  spe- 
cific carbohydrates  and  acid-base  indicators  to 
give  gross  differentiation  between  organisms  on 
the  basis  of  fermentation  reactions.  Isolation  media 
are  subdivided  into  differential  and  selective  media. 

9-13.  Differential.  These  media  are  those  thit 
contain  chemicals  which  allow  the  differentiation 
of  bacteria  according  to  gnpwth  characteristics. 
For  example,  a  certain  medium  contains  the  car- 
bohydrate lactose  and  affindicator  (phenol  red). 
We  use  this  medium  to  help  us  differentiate  be- 
tween lactase  and  nonlactose  fermcnters.  If  the 
lactose  is  fermented,  an  acid  byproduct  is  pro- 
duced which  will  give  a  visible  color  change  in 
the  medium. 

9-14.  Selective.  These  media  are  those  which 
allow  only  specific  organisms  to  grow.  Chemicals 
are  incorporated  into  the  medium  which  allow 
ihe  growth  of  select  organisms.  An  example  of 
this  type  of  medium  is  Saimonetla-Shigella  (SS) 
Agar.  This  medium  allows  few  organisms  other 


than  Salmonella  and  Shigella  species  to  grow.  In  . 
some  cases,  a  selective  medium  can  distinguish 
between  genera.  SS  medium  will  grow  Salmonella 
>inc  Shigella  species.   But  Brilliant  Green  Agar 
will  grow  Salmonella  and  inhibit  Shigella. 

9-15.  Biochemical  media.  Biochemical  media 
are  employed  io  detect  the  enzyme  activity  of 
biv.  a.  The  ability  to  hydrolyze  urea  to  am- 
monia and  carbon  dioxide,  to  t  ferment  various 
carbohydrates  to  produce  identifiable  acids  and 
gas.  to  reduce  nitrates  to  nitrites,  or  to  produce 
indole  from  tryptophane  are  all  examples  of  en- 
zymatic activities  which  are  useful  in  differentiat- 
ing bacteria.  Any  medium  which  will  permit  the  , 
detection  of  these  or  comparable  reactions  may  be 
termecj  a  biochemical  medium. 

9-16.  Preparation  of  Media.  The  proper  prep- 
aration of  a  medium  is  as  ifhportant  as  its  selec- 
tion. We  should  recmphasize  here  that  in 
preparing  any  medium  from  commercially  manu- 
factured ingredients,  you  should  always  follow  the 
manufacturer's  directions  explicitly.  o  As  stated  ' 
previously,  most  of  the  media  you  will  use  are 
purchased  as  dehydrated  powder  from  commer- 
cial laboratories. 

« 

9-17.  Rehydrating  media.  In  rehydrating  the* 
media,  you  should  use  distilled  water.  Fresh,  dis- 
tilled water  is  best  because  water  wfiich  has  been 
stored*  in  an  open  container  for  long  periods  of 
time  can  absorb  enough  gases  to  alter  the  final 
pH  of  the  medium.  Carefully  weigh  the  dehy- 
drated powder  on  weighing  paper  according  to 
the  directions  on  the  container  Ipbel.  Slick  paper 
is  preferred  over  filter  paper  when  weighing,  as  , 
some  of  the  powder  may  be  lost  by  adhering  to 
the  filter  paper.  You  should  then  place  the  pow- 
der in  a  dry  flask  of  a  size  suitable  to  hold  twice 
the  final  volume  of  medium  desired.  For  exam- 
ple. I  liter  of  broth  should  be  prepared  in  a  2- 
liter  flask.  You  should  add  water  to  the  dehy- 
drated medium  slowly  atw first  to  make  sure  that 
it  will  be  completely  "dissolved.  Add  a  little  water  , 
and  make  a  thick  slurry.  Then,  you  can  add  the 
•  remaining  watefc.  If  you  dissolve  dehydrated  me- 
dia in  this  way.  there  will  be  no  lumps  and  you 
will  prevent  burned'agar  when  heat  is  applied. 

9-18.  In  preparing  an  agar-type  medium,  you 
must  apply  heat, and  bring  the  'solution  to  the 
boiling  point.  Agitate  and  swirl  the  flask  to  pre-' 
vent  burning  and  sticking  of  the  medium  to  the 
flask.  Use  caution  while  heating  solutions  over 
the  burner  as  the  medium  may  boil^over  the  top 
and  onto  your  hands,  causing  serious  burns. 
Watch*  the  flask  carefully  and  hold  it  with  tongs, 
or  asbestos  gloves.  Keep  the  opening  of  the  flask 
pointed  away  from  your  face.  If  you  notice  that 
the  material  is  about  to  boil  over,, set  the  fla$k  . 


Figure  2f.    Flask  setup  Tot  dispensing  media. 

down  immediately.  Do  not  attempt  to  carry  the 
flask  to  the  sink.  You  can  clean  up  a  mess  and 
make  more  m*flia  a  lot  easier  than  you  can  treat 
burned  hands  and  fingers. 

9-19.  Using  Liquid  Media.  You  do  not  need  to 
heat  most  liquid  media  to  boiling  becausenhey  are 
usually  soluble  in  water  at  room  temperature. 
You  can  best  dissolve  a  medium  containing  gela- 
tin by  heating  it  to  a  temperature  of  50°  C.  in 
a  water  bath. 

9-20.  We  cannot  overemphasize  the  impor- 
tance of  exercising  extreme  .care  in  media  prep- 
aration and  also  the  necessity  of  using  chemically 
*  clean  glassware.  Detergents  or  other  contaminat- 
ing chemicals  may  act  as  disinfectants  or  alter  the 
pH  of  a  medium.  The  medium  will  not  have  the 
proper  environment  for  the  bacteria  we  are  trying 
to  identify. 

9-21.  Quantity  of  media.  The  larger  the  vol- 
>ume  of  material  to  be  sterilized,  the  longer  it 


takes  to  sterilize  completely.  As  a  general  rule, 
however,  the  quantities  of- media  you  will  be  pre- 
paring in  the  laboratory  can  be  kerilized  in  20 
to  30  minutes  4  121  °*C  During  autoclaving 
there  is  considerable  bubbling.  Allow*  extra  space 
in  the  flask  for  this  bubbling  effect  to  prevent 
overflow  and  loss  of  medium.  As  the  medium 
begins  to  boil  during  heating,  it  tends  to  expand. 
An  Erlenmeyer.  flask  is  tapered  toward  the  top. 
so  this  constriction  speeds  up'  the  rate  at  which 
the  medium  can  bubble  over.  "Using  a  larger  flask 
will  eliminate  this  problem,  as  we  noted  in  the 
example  of  a  2-liter  flask  to  hofd  I  liter  of  me- 
dium. 

9-22.  Filtering  media.  When  you  sterilize  me- 
dia by  filtration  because  some  of  the  ingredients 
would  be  destroyed  at  autoclave  temperature,  yoyS 
must  dissolve  the  ingredients  slowly  over  low  heat 
'  to  prevent  the  breakdown  of  constituents  and 
formation  of  lumps  which  wQuld  clog  the  filter. 
It  is  important  that  aft  equipment  and  tubes  be 
sterile  when  using  filtration  and  that  you  use  asep-  • 
tic  technique  to  maintain  sterility  of  the  filtrate. 

9-23.  Enriching  me<tia.  When  you  need  to 
add  enrichment  materials  to  a  medium,  you  must 
cool  the  medium  to  a  temperature  which  will  not 
alt£r  or  destroy  the  additives.  As  a  rule,  after  the 
medium  has  been  autoclaved.  it  should  be  cooled 
to  45  to  55°  C.  before  adding  substances  such  as 
whole  blood,  ascitic  fluid,  albumin,  or  any  bate- 
rial  which  can  coagulate  or  b£  destroyed  by  high 
temperatures.  '* 

9-24.  pHing  media*  It  is  not  usually  necessary 
to  adjust  the  pH  of  a  sterilized  radium  when 
usiag  the  commercially  prepared  powder,  pro- 
vided tltat  you  have  carefufly  followed  the  manu- 
facturer's directions.  The  final  pH  will  be  as 
stated  on  the  label.-  When  you  are  preparing  your, 
own  medium  from  a  formula  and  stock  chemi- 
cals, however,  you  should  check  the  pH  with  a  pH 
meter,  and  add  a  small  amount  of  a  weak  base 
or  acid  as  indicated^  by  whether  the  medium  is 
too  acidic  or  too  alkaline,  respectively.  -  * 

9-25.  to  use  media  for  cultures,  you  must  have 
them  in  small,  usable  portions  or  aliquots.  These 
aliquots  are  dispensed  into  sterile  containers  suit- 
able to  whatever  purpose  that  is  needed.  The  con- 
tainers riiay  be  Pe^ri  dishes,  test  tubes,  bottles,  or 
glassware  of  some  special/ design.  Most  impq^ 
tant,  you  must  dispense  the  culture  material  into 
the  sterile  containers  (glass  or  plastic)  in  such  a 
way  as  to  prevent  contamination  of  the  mediurn. 
bubbles  on  the  medium  surface,  and  lumps  in 
the  medium. 

$T  9-26.  Preventing  contamination.  To  prevent 
contamination  of  the  tedium,  be  certain  that  the 
bench  area  is  disinfected.  It  should  be  wiped  clean 
with  any,  of  several  disinfectants  kept  in  the  lab- 
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Figure  2S.    Diagram  of  typical  slant  culture. 

oratory  for  this  purpose.  Leave  the  pctri  dishes 
covered  until  you  are  ready  to  pour  the  medium, 
then  remove  the  tops  only  long  enough  to  add 
the  mediitfiir  Pouring  should  lake  place  in  an 
area  free  of  air  currents  and  away  from  other 
laboratory  activities  which  might  cause  dust  in  the 
air.  / 

9-27.  Preventing  bubbles.  Bubbles  on  the  sur- 
face of  the  medium  can  be  dangerous  to  you. 
They  also  create  a  problem  in  trying  to. obtain 
isolated  colonies.  Bubbles  will  catch  and  "spring" 
a  wire  loop  as  it  passes  ov^er  the  medium.  This 
spring  or  snapping  effect  may  cause  an  aerosol, 
that  Ts.  an  airborne  vlotid  of  particles  or  droplets 
containing  infectious  bacteria.  It  is  also  possible 
for  the  wire  loop  to  cut  into  the  medium  around 
the  bubble  and  in  so  doing  be  wiped  free  of  most 
[bacteria.  Very  few  bacteria  will  be  left  on  the 
jioop  to  streak  out  for  isolation  as  individual  col-^ 
onics. 

9-28  To  prevent  bubbles  in  the  medium,  you 
can  use  a  sterile  gauze  over  the  opening  of  the 
pouring  flask.  As  you  pour  the  medium  through 
the  gauze,  the  bubbles  arc  blocked  and  broken  up. 
When  pouring,  it  helps  to  have  the  mouth  of  the 
flask  close  to  the  pctri  dish  to  avoid  splashing 
and  aeration  bubbles.** 

'  9-29.  Another  good  method  to  prevent  bubbles 
from  accumulating  on  the  medium  surface,  pre- 
vent contamination,  and  make  distribution  of  the 
aliquots  easier  is  to  use  an  Erlenmeycr  flask 
setup,  as  shown  in  figure  26.  This  device  allows 
for  a  one-man  operation,  and  more  media  can  be 
poured  at  any  given  time  because  many  petri 
dishes  can  be  placed  in  position  near  the  operator. 
You  can  sterilize  the  flask  and  its  contents  as  an 
intact  unit  before  pouring  the  medium.  In  figure 
27.  we  show  the  flask  hung  for  dispensing 
medium  to  containers.  \ 

9-30.  The  most  common  metNod  to  break  up 
bubbles  on  an  agar  medium  surface  is  to  gently 
pass  a  Bunsen  burner  flame  over  tha  medium  be- 
fore it  /Karde^ft  to  burst  the  bubble);  and  allow 
the  me/dium  surface  to  smooth  out.  Take  care, 
however,  not  to  melt  plastic  pctri  dishes  with  the 


flame.  If  the  plastic  bottom  lip  gets  soft  and  you 
lower  the  top.  the  two  parts  may  adhere  to  one 
another  making  it  difficult  to  separate  them 
later  on. 

9-31.  Preventing  lumps.  Lumpy  medium  re- 
sults from  allowing  the  medium  to  cool  too' much 
before  pouring,  that  is,  to  the  point  at  which  the 
agar  begins  to  solidify.  A  lumpy  medium,  al- 
though suitable  for  bacterial  growth,  does  pre- 
sent some  of  the  hazards  described  for  a  medium 
which  bubbles  on  its  surface.  A  lumpy  medium 
docs  not  usually  have  an  even  distribution  of  nu- 
trients. This  gives  problems  when  you  try  to  in- 
terpret the  results  of  your  isolation  technique.-  be- 
cause the  same  organism  may  give  a  different 
colony  appearance  on  various  parts  of  the  plate, 
and  it  is  difficult  to  streak  the  plate.  Do  not  allow 
the  medium  to  cool  to  the  point  of  solidification 
before  pouring  your  aliquots. 

9-32.  The  use  of  test  tubes  to  hold  media  is 
universal.  You  can  use  test  tubes  to  hold  liquid, 
semisolid,  and  solid  media.  You  may  allow  solid 
media  to  solidify  in  the  tube  standing  upright  or 
tilt  the  lube  before  hardening  to  give  a  solid  me- 
dium with  a  slanted  surface.  All  tests  tubes  must 
be  sterile  and  chemically  clean.  They  must  be 
stoppered  with  cotton,  gauze  plugs,  or  plastic 
plugs  or  £overcd  with  metal  lids.  You  may  also 
use  screw-capped  tubes.  Choose  the  tubes  ac- 
.  cording  to  the  type  of  medium  being  prepared  and 
the  purpose  of  its  use.  Thrift  should  not  be  the 
main  reason  for  using  small  test  tubes,  to  dispense 
media;  however,  use  the  smallest  tube  which 
will  serve  the  purpose.  Some  media-making  in- 
structions list  the  size  tube  in  which  the  medium 
should  be  dispensed  to  obtain  best  results. 

9-33.  Preparing  slants.  To  prepare  slants,  dis- 
pense the  heated  medidm  into  test  tubes  and  auto- 
clave it.  After  that,  tilt  the  tubes  by  some  means 
to  offer  the  proper  slant  area.  Once  slanted,  do 
not  disturb  the  tubes  until  th$  medium  is  com- 
pletely gelled.  In  figure  28,  we  have  shown  a 
correctly  slanted  tube.  There  should  be  an  ade- 
quate butt  and  slant  area  if  this  form  of  medium 
is  to  'be  technically  useful.  The  slant  is  commonly 
used  in  the  identification  of  enteric  organisms.  It 
provides  both  an  aerobic  condition  on  the  surface 
of  the  slant  and  anaerobic  conditions  in.  the  butt. 
Depending  on  the  specific  medium  used,  the  size 
of  the  butt  can  vary.  A  butt  one-half  the  length  of 
the  slant  is  usually  satisfacory^. 

9-34.  Dispensing  media.  You  can  dispense  a 
medium  into  test  tubes  by  several  methods.  Use 
a  funnel/rubber  tube,  and  pinch  clamp  setup  to 
dispense^ipproximate  amounts  in  each  tube.  The 
best  technique  is  to  use  an  automatic  syringe  as 
shown  in  figure  29  that  measures  the  desired  vol- 


ume.  An  automatic  device  is  recommended  be- 
cause it  is  quicker  and  consistent  volumes  are  \ 
dispensed. 

9-35.  How  you  distribute  medium  aliquots  will 
depend  upon  the  use  to  which  you  put  the  ali- 
quots. Petri  dishes  give  a  large  surface  area  on 
which  to  spread  a  clinical  specimen  so  that  you 
can  get  isolated  colonies  and  pure  cultures.  Test 
tubes  allow  a  small  amount  of  medium  to  be  used 
for  such  studies  as  motility,  biochemical,  and 
physiological  testing.  On  occasion  you  may  need  a 
large  volume  of  fluid  medium  for  a  culture  which 
needs  a  long  incubation  period.  A  blood  culture 
falls  in  that  category.  You  can  use  screw-capped 
bottles  of  assorted  sizes  to  hold  liquid  or  solid 
medium. 

9-36.  After  using  a  dehydrated  medium,  make 
sure  that  you  have  replaced  the  cap  tightly  on 
the  stock  bottle.  This  tight  closure  prevents  ab- 
sorption of  moisture  from  the  air  and  keeps  the 
medium  in  powdered  form.  Store  the  bottles  in  a 
cool,  dry  place  away  from  windows  and  heating 
equipment. 

9-37.  Rules  for  prepared  media.  Once  you 
have  prepared  and  poured  the  medium  and  it  is 
ready  for  storing,  you  must  observe  the  following 
rules: 

a.  Most  commonly  used  media  should  be  re- 
frigerated. 

b.  Thioglycollate  broth  and  semisolid  media 
should  be  stored  at  room  temperature.  If  the  thio- 
glycollate broth  shows  a  pink  or  red  layer  at  the 
surface,  heat  the  tubes  of  media  in  a  hot  water 
bath  before  inoculation  to  drive  off  the  excess  oxy- 
gen before  use.  Heat  the  tubes  only  once;  addi- 
tional heatings  make  the  broth  unsuitable  for 
bacterial  growth. 

c.  All  plates  should  be  incubated  at  room  tem- 
perature in  an  inverted  position  for  at  least  18 
hours  or  overnight  to  check  for  sterility. 

d.  When  removed  from  the  refrigerator,  plates 
should  be  allowed  to  warm  to  room  temperature 
before  use.  Inoculatjon  of  a  cold  medium  length- 
ens the  lag  phase  of  the  growth  curve  and  may 
even  kill  some  organisms. 

e.  Media  containing  a  dye  should  be  protected 
from  light  during  storage  because  some  dyes  break 
down  under  strong  light. 

/.  Condensation  of  moisture  on  tubes  and  petri 
dishes  due  to  refrigeration  is  likely  ip  increase 
the  chance  of  contamination  of  the  medium  in 
those  particular  tubes  and  dishes.  Surface  areas 
of  media  should  be  moist  (not  wet  or  dry)  for 
best  results.  A  wet  surface  makes  it  difficult  to 
obtain  isolated  colonies  and  heightens  the  chances 
of  contaminating  an  area  of  the  laboratory  while 
you  are  streaking  the  plate  with  a  wire  loop. 

g.  If-  media  are  to  be  stored  for  more  than  ,5 


days,  tubes  or  plates  'must  be  protected  from  de- 
hydration by  enclosing  them  in  suitable  contain- 
ers such  as  a  plastic  bag.  A  dried  medium,  as 
manifested  by  the  medium  retracting  from  the 
edge  of  the  tube  or  plate,  or  by  a  dry,  dull  sur- 
face, should  not  be  used  because  inaccurate  re- 
sults and  abnormal  growth  will  result. 

9-38.  Media  Additives.  There  are  many  dif- 
ferent reagents  which  you  can  add  to  media  for 
special  purposes.  Some  reagents  neutralize  anti- 
bioticj  which  might  be  present  in  the  specimen 
from  a  patient  being  treated  for%an  infection;  oth- 
ers promote  growth  of  specific  organisms  having 
unusual  nutritional  needs;  still  others  give  instant 
identification  of  bacteria  by  color.  We  will  take  a 
look  at  some  examples  that  you  may  run  across 
in  your  work  in  bacteriology. 

9-39.  Para-aminobenzoic  acid.  This  substance 
neutralizes  the  bacteriostatic  effect  of  sul- 
fonamides in  culture  media.  Any  medium  that  is 
inoculated  with  a  sulfonamide-containing  speci- 
men may  require  the  addition  of  0.0002  percent 
para-aminobenzoic  acid  (PABA).  If  para  -  - 
aminobenzoic  acid  is  not  available,  you  may  use 
a  similar  concentration  of  procaine  hydrochloride. 
This  requirement  for  PABA  particularly  pertains 
to  urine,  blood,  and  fecal  cultures  from  patients 
who  may  have  received  sulfonamide  therap^ 

9-40.  Sodium  thioglycollates  This  is  incorpo- 
rated in  media  not  only  to  permit  the  growth  of 
anaerobic  bacteria  (because  of  its  reducing  ac- 
tion) but  to  neutralize  the  bacteriostatic  effect  of 
mercurial  and  silver  disinfectants.  Mercury  com- 
pounds are  often  used  as  preservatives  in  plasma, 
serum,  biologicals.  and  pharmaceuticals  intended 
for  parenteral  injection.  You  should  use  thiogly- 
collate media  to  test  the  sterility  of  such  products. 

9-4 1 .  A  ntibiotic  inhibitors.  These  are  sub- 
stances which  neutralize  the  activity  of  antibiotics. 
They  are  added  to  culture  media  when  clinical 
material  is  suspected  of  containing  the  correspond- 
ing antibiotics*atfFor  instance,  you  use  the  enzyme 
penicillinase  to  inactivate  penicillin,  and  also  to 
inactivate  streptomycin  to  some  degree.  In  cul- 
turing  blood  or  other  body  fluids  containing  peni- 
cillin, you  should  add  1  ml.  of  penicillinase  to 
each  100  ml.  or  less  of  sterile  medium.  This 
amount  of  the  enzyme  will  inactivate  50,000  units 
of  penicillin,  the  highest  level  of  antibiotic  that 
could  be  expected  in  10  ml.  of  blood  or  other 
body  fluids.  One  ml,  also  inactivates  up  to  1,000 
units  of  streptomycin.  Penicillinase  does  not  in- 
terfere with  the  sulfa-inactivating  action*  of  para- 
aminobenzoic  acid  which  may  also  be  added  to 
the  medium.  Keep  penicillinase  refrigerated  dur- 
ing storage,  because  this  reagent.  like  many  en- 
zymes, loses  activity  at  room  temperature. 
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9-42.  Dyes,  Dyes  which  ah  incorporated  in 
media  have  selective  bacteriostatic  effects,  but 
tfrey  are  generally  more  active  against  gram-pos- 
itive bacteriji.  Crystal  violet,  brilliant  green,  and 
basic  fuchsin  are  used  in  well-known  selective 
media.  Thionin  and  basic  fuchsin  are  used  in  dif- 
ferentiating species  of  Brucella.  If  you  are  trying 
to  isolate  streptococci  in  the  presence  of  staphylo- 
cocci, the  latter  can  be  effectively  inhibited  if  you 
add  a  1:500,000  dilution  of  crystal  violet  to  the 
broth. or  agar  media.  Add  one  milliliter  of  auto- 
ciaved  aqueous  1:25,000  solution  of  the  dye  to 
each  20  ml.  ofjrnedium. 

9-43.  Sodium  desoxycholate  and  other  bile 
salts.  In  proper  combination  with  other  substances^ 
in  the  media,  they  inhibit  the  growth  of  Gram- 
pcsitive  bacteria.  The  addition  of  this'  inhibitor 
is  useful  .whefn  we  otry  to  isolate  Gram-negative 
bacteria  from  clinical  material  in  which  both 
Gram-positive  and  Gram-negative  bacteria  are 
present.  On  desoxycholate  agar  the  motility  of 
all  flagellated  bacteria  is  temporarily  suppressed, 
and  the  swarming  of  certain  species  of  Proteus  is 
considerably  inhibited.  If  citrates  are  also  present, 
as  in  desoxycholate-citrate  agar  or  SS  agar,  the 
bacteriostatic  effect  extends  to  some  of  the  Gram- 
negative  bacteria,  notably  the  nonpathogenic  en- 
teric bacilli. .  Bile  salts  are  not  used  successfully 
in  media  to  isolate  the  gonococcus,  meningococ- 
cus, or  species  of  Hemophilus. 

9-44.  Potassium  tellurite.  When  added  to  cul- 
ture media  in  a  final  concentration  of  0.01  per- 
cent, this  retards  the  growth  of /most  Gram-neg- 
ative bacteria  and  permits  the  growth  of 
Streptococcus  species  and  other  Gram-positive  or- 
ganisms. A  0.03-percent  concentration  of  tellurite 
will  inhibit  most  Streptococcus  species,  but 
Staphylococcus  species  and  the  Corynebacteriae 
ate  still  able  to  grow.  Potassium  tellurite  is  most 
useful  in  agar  for  the  isolation  of  Corynebacte- 

Nr/:/m  diphtheriae.  You  can  add  it  to  broth  to  iso- 
late Gram-positive  bacteria,  notably  Staphylococ- 
cus species  from  mixed  culture  material 
overgrown  by  species  of  Proteus  or  other  rap- 
idly growing  GramMiegative  bacilli. 

9-45.  Chloral  hydrate.  If  added  to  nutrient 
agar  in  a  final  concentration  of  0.1  percent,  it 
has  little  or  no  inhibitory  effect  on  either  Gram- 
positive  or  Gram-negative  bacteria.  It  does,  how- 
ever, prevent  the  swafming  of  species  of  Proteus. 
rendering  them  temporarily  nonmotfle.  Unlike 
bile  salts  and  tellurite,  chloral  hydrate  does  not 

,  "lake"  blood  (lyse  red  blood  cells)  and  so  you 
may  use  it  in  blood  agar  plates  without  interfering 
with  the  development  of  characteristic  zones  of 
hemolysis  by  streptococci  and  other  organisms. 

9-46.  Media  containing  antibiotics.  I^-appr<> 
priate  concentrations,  these, media  are  inhibitory 


to  some  organisms  and  noninhibitory  to  others. 
Antibiotic  media  may  be  used  in  the  selective 
isolation  of  certain  pathogens  from  specimens 
containing  many  contaminating  microorganisms. 
For  example,  you  may  incorporate  penicillin  in 
Bordet-Gengou  agaf  in  a  concentration  of  1  unit 
per  ml.  of  medium.  The  antibiotic  will  restrict 
growth  of  some  Gram-posikve  organisms  of  the 
throat  and  allow  isolation  of  Bordetella  pertussis, 
the  cause  of  whooping  cough.  Penicillin  and 
streptomycin  in  combination,  or  chloramphenicol 
alone,  may  be  incorporated  in  media  for  the 
isolation  of  certain  fungi  from  bacteria-contami- 
nated specimens. 

9-47.  Sodium  azide.  This  additive,  which  in- 
hibits the  growth  of  Gram-negative  organisms, 
is  also  used  in  culture  media  to  help  isolate 
hemolytic  Streptococcus  species  from Jrhe  respira- 
tory passages.  Special-purpose  broth  containing 
glucose  (0.02  g.  to  100  ml.  of  broth)  is  tubed 
in  2-ml.  amounts.  On  the  day  the  medium  is  to 
be  used., 0.15  ml.  of  a  sterile  aqueous  solution 
of  sodium  azide  (1  to  1,000)  and  0.1  ml.  of  a 
sterile  aqueous  solution  of  crystal  violet  (1  to 
25.000)  are  added  to  each  tube.  Place  material 
obtained  by  swabbing  the  throat  or  nasal  passages 
in  the  azide  broth  within  1  hour  after  collection. 
After  overnight  incubation  of  the  broth,  make 
subcultures  on  blood  agar  plates.  The  sodium 
azide  effectively  inhibits  growth  of  staphylococci 
and  permits  the  hemolytic  streptococci  to  form 
colonies. 

9-48.  *Biochemical  Media.  There  arc  a  wide 
variety  of  media  to  test  for  biochemical  reactions. 
These  reactions  are  valuable  tools"  for  getting 
more  specific  identifying  information  on  an  orga- 
nism isolated  in  pure  culture.  We  will  point  out 
the  reasons  for  using  biochemical  media  and  cite 
examples  of  the  following: 

a.  Differential  carbohydrate  media. 

h.  Carbohydrate  fermentation  media. 

9-49.  Carbohydrates,  including  many  of  the 
6-carbon  and  12-carbon  sugars  such  as  glucose 
and  sucrose,  respectively,  are  excellent  sources  of 
energy  for  microorganisms.  However,  there  are 
grqat  differences  in  the  ability  of  bacteria,  though 
closely  related  taxonomically.  to  use  one  or  more 
of  these  numerous  compounds  for  energy  and 
growth.  This  feature  is  particularly  helpful  ip 
you  in  distinguishing  among  the  morphologically 
similar  facultative  anaerobes  which  inhabit  the 
human  intestinal  tract — for  example,  the  coli- 
form  bacilli,  the  typhoid  organism,  and  the 
salmonellas  of  food  infection. 
,  9-50.  Not  only  does  the  ability  of  an  unknown 
organism  to  ferment  glucose  but  not  lactose  tell 
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you  a  great  deal,  but  the  fact'  that  th-  breakdown 
of  sugars  is  usually  accompanied  bj  the  forma- 
tion of  identifiable  byproducts  is  also  important. 
That  is.  you  can  test  for  the  production  of  or- 
ganic acids  and  certain  gases  which  form  in  the 
culture  during  breakdown  of  a  carbohydrate 
medium.  Two  differential  media  commonly  used 
to  distinguish  between  closely  related  microbes, 
Kligler's  iron  agar  (KIA)  and  triple  sugar  iron 
agar  (TSI),  are  useful  because  they  take  ad- 
vantage of  fundamental  differences  in  the  physi- 
ology of  bacteria  that  seem  identical  from  but- 
ward  appearances. 

9-51.  KIA  contains  lactose,  dextrose,  nutrient 
agar,  and  phenol  red  indicator.  TSI  contains  su- 
crose in  addition  to  lactose  and  dextrose.  Color 
changes  in  these  media,  caused  by  selective  fer- 
mentation of  the  carbohydrates,  form  the  basis 
for  genus  and  species  identification.  KIA  and 
TSI  also  contain  an  iron  compound  which  indi- 
cates whether  or  not  an  organism  can  produce 
hydrogen  sulfide  (H2S).  As  fermentation  pro- 
ceeds, the  medium  is  blackened  through  the'  re- 
action of  H;.S  and  iron  to  form  iron  sulfide. 

9-52.  The  study  of  reactions  in  KIA  and  TSI 
differential  media  usually  leads  only  to  tentative 
or  presumptive  identification  of  an  organism. 
Identity  must  be  confirmed  by  other  means  such 
as  the  fermentation  of  additional  sugars  and  sugz^ 
alcohol!,  or  by  serological  procedures.  This  situa- 
tion codies  about  because  bacteria  belonging  to 
related  tut  different  genera  sometimes' give  iden- 
tical resuhvin  one  or  more  of  the  reactions  seen 
in  KIA  anaTSI  media.  For  example,  some 
species  of  Shigella,  Aerobacter,  Escherichia,  and 
Prolans  yield  both  a  yellow  slant  and  butt  in  a 
TSI  culture  tube.*  The  presence  of  gas  bubbles 
and  H2S  production  can'often  be  used  as  dis- 
tinguishing characteristics,  but  in  general,  reac- 
tion on  differential  carbohydrate  media  serves  as  1 
a  preamble  to  further  steps  in  identification. 

9-53.  To  study  carbohydrate  fermentation  by. 
bacteria,  you  must  choose  a  proper  basal  medium. 
One  broth  base  which  you  can  use  is  made  up 
of  pancreatic  digest  of  casein  and  sodium  chloride 
dissolved  in  water  with  no  carbohydrate  present. 
Add  the  appropriate  test  carbohydrate  (e.g.,  su- 
crose, mannitol,  inulin)  and  an  indicator  such 
as  bromcresol  purple  or  phenol  red,  and  the  pH 
is  adjusted.  The  medium  must  have  a  specific  pH 
to  detect  carbohydrate  fermentation  In  the  pres- 
ence of  an  indicator,  a  change  of  pH  due  to 
accumulation  of  bacterial  products  gives  a  visual 
indication  of  fermentation.  Specific  reactiqps  on 
differential  and  carbohydrate  media  will  be 
shown  later  in  our  study  of  individual  genera  of 
the  pathogenic  microorganisms. 

9-54.  Biochemical  Tests.  Over  the  years,  many 


techniques  have  been  developed  to  give  ijiforma- . 
tion  beyond  that  gained  by  observing  growth  on 
differential  carbohydrate  media  such  as  Kligler's 
and  triple  sugar  iron  agar.  For  the  m<^t  part, 
however,  these  techniques  still  depend  on  the 
detection  of  breakdown  products  of  protein  and 
carbohydrate  metabolism,  or- oxidation-reduction 
•reactions  and  fermentation  patterns  typical  of 
some  bacteria  but  not  others.  The  procedures 
'discussed  in  the  following  paragraphs  are  repre- 
sentative of  the  special  'tests  commonly  used, 

a.  Indole  production. 

h.  Nitrate  reduction. 

c.  Methyl    red   and    Voges    Proskauer  test 
-(MR-VP), 

d.  Proteolytic  activity. 

e.  Milk  fermentation. 

9-55,  Indole  production.  This  procedure  is 
based  on  the  ability  of  certain  organisms  to  split 
the  amino  acid  tryptophan  to  alanine  and  indole. 
You  can  detect  the  liberated  indole  by  adding 
Kovac's  reagent  (para-dimethyl-amino-benzalde  • 
hyde).  A  red  color  indicates  positive  indole  pro- 
duction. There  are  several  media  available  for 
this  purpose,  but  in  all^  cases,'  be  certain  that 
tryptophan  (in  the  form  of  peptone)  is  present 
in  the  medium.  V 

9-56.  Nitrate  reduction.  Many  bacteria  are\ 
able  to  reduce  nitrate  to  nitrite  (NO.iNOo),  a 
property  which  helps  us  identify  them.  Use  a 
broth  or  solid  agar  medium  which  contains  a 
source  of  nitrate,  such  as  sodium  nitrate 
(NaNOa).  Incubation  will  produce  ^frothing  in 
tlTe  broth  medium  and  cracks  in  the  agar  as  a 
resuit-of  nitrate  reduction  and  subsequent  nitro- 
gen gas  production.  Add  sulfanilic  acid  and  di- 
methyl-alpha-naphthylamine  to  develop  the  pink 
or  red  color  which  indicates  the  presence  of 
nitrites. 

9-57.  Methyl  red  and  Voges.  Proskauer 
(MR-VP)  tests.  These  reactions  are  used  fre- 
quently to  differentiate  certain  bacteria  of  the 
enteric  groups.  The  methyl  red  test  is  used  to 
identify  organisms  that  ferment  dextrose  and  pro- 
duce acids  as  final  end  products.  The  test  is 
based  upon  a  change  in  the  pH  of  Clark  and 
Lub's  broth.  An  indicator -dye,  methyl  red.  turns 
the  brojh  a  yellow  color  when  the  pH  is  greater 
than  4.5.  This  is  a  negative  MR  test.  A  pH  of 
4.5  or  less  will  turn  the  solution  a  distinct  orange- 
red  or  red.  This  is  a  positive  test. 

9-58.  The  Voges  Proskauer  test  is  based  on 
the  ability  of  some  organisms  to  produce  a  neutral 
end  product,  acetyl-methyl-carbinoi,  from  an  acid 
resulting  from  dextrose  fermentation.  Dextrose 
is  fermented  to  pyruvic  acid  to  acetaldehyde  to 


acetyl-methyl-carbinol.  A  few  drops  of  5  percent 
alph-naphthol  in  absolute  alcohol  and  40  percent 
potassium  hydroxide  are  added  to  a  broth  culture. 
A  positive  test  develops  a  copper  or  red  color, 
A  yellow  color  is  regarded  as  a  negative  test. 

9-59.  Proteolytic  activity.  This  activity  df  bac- 
teria is  another  aid  to  their  individual  ideitifica-  « 
tion.  Some  bacteria  produce  enzymes  which 
break  down  protein  and  protein  derivatives*  For 
example,  they  can  liquify  gelatin  and  cause  co- 
agulated egg  albumin  bectfme  fluid  again.  You 
can  use  gelatin  liquifaction  to  detect  this  pro- 
teolytic activity  in  the  laboratory,  but  you  can 
also  use  coagulated  serupi  as  a  test  mediuVn. 
Gelatin  liquidation  is  frequently  used  to  dis- 
tinguish the  genus  Aerobacter  from  other  meih-  . 
bers  of  the  family  Enter obacteriaceae,  primarily 
the  genus  Klebsiella.  Coagulase-positive  Staphy- 
lococcus species  usually  liquify  gelatin. 

9-60.  Milk  fermentation.  The  changes  in  * 
milk  medium  caused  by  bacterial  action  take 
several  forms.  Lactobacilli,  or  Streptococcus  lap* 
tis.  sour  milk  by  prpducing  lactic  acid.  These 
organisms  are  used  commercially  to  prepare  but- 
termilk, sour  cream,  yogurt,  and  other  dairy 
products.  Gas  and  unpleasant  flavors  are  pro*- 
duced  by  Escherichia  coli  or  other  conforms- 
which  ferment  milk  with  less  acidity.  Our  con- 
cern is  with  the  reaction  of  the  coliform  bacteria. 

9-61.  Fresh  milk  .has  a  pH  of  approximately 
6.8.  As  an  empirica^or  natural  medium,  milk  is 
ideal  for  pulturing  many  microorganisms.  If  you 
add  indicators  such  as  litmus  or  bromcresol  pur- 
ple to  skim  milk,  you  can  detect  the  changes 
taking  place  during  fermentation.  Litmus  milk 
has  a  differential  value  based  on  lactose  ferment 
tation,  reduction  of  litmus,  coagulation  of  milk 
proteins,  and  digestion  of  the  casein.   You  can 


determine  different  degrees  <£f  acidity  (lactose 
fermentation)  or  alkalinity  b)f  the  color  of  the 
indicator.  Reduction  of  litmijs  is  shown  by  its 
decolorization. 

9-62.  Coagulation  is  seen  las  clotting  of  the 
millc  (curd  formation)  due  t0  the  accumulation 
of  Isfcid,  which  produces  a  firm  clot  thai  does 
not  shrink.  If  lactose  is  not  fermented  at  all*  or 
ferments  slowly,  clotting  may  idso  result  from  the 
action  of  a  rennetlike  enzyme  whiph  forms  a  soft 
clot  unaccompanied  by  marked  acidity.  Diges- 
tion of  the  casein,  indicated  by  a  partial  or  com- 
plete clearing  of  the  milk,  may  or  may  not  be 
preceded  by  coagulafitfh.  . 

9-63.  Stormy  fermentation  is  a  term  used  to 
describe  a  reaction  in  milk  produced  by  Clostri- 
dium perfringens  (Welchii),  one  of  the  organisms 
that  cause  gangrene.  The  reaction  is  the  result  of 
rapid  coagulation  of  milk  prtoteins  followed  by 
active  gas  production  which  results  in  tearing  of 
the  clot.  Tfiis  reaction  is  noq  as  specific  for  CI. 
perfringens  as  was  formerly  supposed,  and  some 
strains  of  the  organism  produie  this  effect  slowly 
and  only  under  special  conditions. 

9-64.  There  are  many  types  of  media,  each 
with  a  variety  of  uses.  The  preceding  paragraphs 
have  given  you  a  basic  explanation  of  how  certain 
reactions  take  place  and  their  rote  in  identifica- 
tion of  bacteria.  As  we  proceed  with  the  dis- 
cussion of  various**  bacteria  anjd  their  growth  and 
identifying  characteristics,  we  will  discuss  other 
special  media  or  additional  tests  as  they  are 
needed.  For  you  who  are  interested,  there  are 
many  text  books  available  to  you  in  medical 
libraries  and  clinical  laboratories  which  detail  the 
biochemistry  and  metabolism  of  bacteria  in  vari- 
ous environments. 
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CHAPTER  4 


Inoculation  of  Media  for  Isolation  of  Bacteri 


1ITTLE  PROGRESS  was  made  in  associating 
>  bacteria  with  specific  diseases  until  Robert 
Koch  devised  solid  culture  medla^well  after  the 
midpoint  of  the  19th  century.  This  was  dis- 
cussed briefly  in  Chapters  1  and  2.  Thus,  yearly 
200  years  had  elapsed  before  Koch's  pure  culture 
techniques  permitted  a  systematic  study  of  the 
single-celled  organisms  which  Van  Leeuwenhoek 
observed  in  his  microscope  in  1676. 

2.  As  soon  as  means  were  available  to  isolate 
individual  bacteria  and  cultivate  them  in  the 
laboratory,  advances  in  the  knowledge  of  infecti- 
ous diseases  came  rapidly.  In  1877  Koch  proved 
the  causal  relationship  between  Bacillus  anthracis 
and  antfirax  in  domestic  animals.  Other  patho- 
gens were  isolated  in  quick  succession  during  the 
1880s  by  Koch  and  other  investigators  who  had 
adopted  his  methods:  the  tubercle  bacillus,  the 
cholera  vibrio,  the  pneumococcus,  and  the  etio- 
logic  agents  of  meningitis,  diphtheria,  and  tetanus. 

3.  The  major  problem  in  diagnostic  bacteri- 
ology of  that  era  is  the  same  problem  we  face 
today  in  the  clinical  laboratory— how  to  separate 

..pathogenic  microbes  from  harmless  organisms 
with  which  they  are  closely  associated  in  nature. 
From  the  moment  of  birth  the  human  body  is 
heavily  populated  with  bacteria  representing 
many  different  genera.  Some  of  these  microbial 
populations  are  transient,  but  others  are  resident^ 
in  the  sense  that  they  can  almost  always  be  re- 
covered in  large  numbers  from  the  skin,  the  body 
orifices,  and  the  intestinal  tract — the  » so-called 
.normal  flora^j 

4.  As  Koch  demonstrated  many  years  ago,  the 
essentialfirst  step  in  identifying  an  organism  is  to 

.  segregate  it  from  the  varied  mixed  populations 
found  within  our  bodies,  in  soil,  in  water,  in  air 
and  xm  objects  in  our  external  environment.  Once 
a  single-celled  microorganism  is  immobilized  on 
a  solid  culture  medium  suitable  for  growth  and 
reproduction,  its  progeny  provide  us  within  the 
space  of  a  few  hours  the  material  needed  for  cul- 
tural studies — an  isolated  colony  visible  to  the 
naked  eye.   Beyond  this  ppint.  different  proce- 


dures developed  over  the  years  for  subculturing 
the  colony  enable  us  to  select  the  conditions  of 
growth  best  suited  to  bring  out  the  morphological 
and  physiological  characteristics  which,  experi- 
ence has  shown  will  establish  the  identity  of  un- 
known organisms. 

5.  Long  before  Koch  introduced  tfie  concept 
of  pure  cultures,  other  researchers,  notably 
Ehrenberg  in  the  1830s,  began  the  monumental 
task  of  classifying  bacteria  on  the  basis  of  their 
microscopic  appearance.  His  work  was  carried 
on  under  the  severe  handicap  of  having  to  ob- 
serve single-celled  organisms  in  their  natural 
state  that  is  to  say,  without  the  aid  of  dyes  to 
improve  the  resblution  of  cell  shape,  size,  and 
Internal,  structures.  Koch  made  a  second  great 
contribution  to  the  science  of  bacteriology  by 
developing  staining  procedures  to  accentuate  the 
morphological  features,  of  bacteria  seen  und^r 
the  light  microscope.  Today,  as  we  know,  stain- 
ing techniques  not  only  furnish  an  invaluable 
means  of  tentative  identification  but  also  serve  as 
a  guide  to  the.  culture  methods  which  we  must 
choose  to  confirm  the  identity  of  an  unknown 
microorganism. 

10.  Isolation  and  Cultivation  of  Bacteria 

lO^T^Jn  almost  every  case  the  pus,  urine, 
stool,  orlpther  clinical  specimen  submitted  to  the 
laboratory  contains  more  than  one  kind  of  orga- 
nism. Tnk  organisms  may  all  be  pathogens;  or 
one  or  mire  pathogens,  may  be  found  among 
several,  saprophytes.  There  are  several  ways  of 
obtaining  pure  cultures  from  mixed  populations, 
although  more  than  one  method  may  have  to  be 
used,  in  processing  a  single  specimen.  For  ex- 
ample, filtration  of  a  large  volume  of  liquid  may 
precede  the  plating  of  material  extracted  from 
the  'liquid.  The  choice  of  methods,  or  combina- 
tion thereof,  depends  upon  the  nature  of  the 
specimen.  These  arc  the  commonly  used  proce- 
dures: . 

•  Plating  (streak  or  pour  plates) . 

•  Subculturing. 
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Figure  30.    Procedure  for  streak  plate. 


9  Dilution. 
<*  Filtration. 


10-2*  Plating.  Streaking  an  agar  surface  to  iso- 
late bacteria  is  routine  at  one  point  or  another, 
with  almost  any  specimen  received  in  a  bacteri- 
ology laboratory.  But  to  be  successful  ia  separat- 
ing organisms  in  a  mixed  population  so  that  in- 
dividual pure  colonies  grow  on  the  surface,  you 
must  tallow  certain  basic  techniques. 

10-3.  Streak  plate.  The  streak  plate  technique 
uses  glass  or  plastic  dishes  (petri  plates)  contain- 
ing a  solidified  nutrient  agar.  Streaking  is  ac- 
complished in  the  sequence  of'  steps  shown  in 
figure  30.  Collect  a  loopful  of  inoculum  on  a 
flame-sterilized  wire  loop  jieedle  and  streak  it 
over  approximately  one-quarter  of  the  agar  sur- 
face. After  flaming  the  loop  again,  rotate  the 
plate  slightly  and  streak  another  quadrant  of  the 
agar  surface.  Notice  in  the  second  step  (fig.  30) 
that  the  loop  passes  through  an  area  of  the'  plate 
that  has  just  been  inoculated,  picking  up  orga- 
nisms deposited  by  the  needle  in  its  earlier  sweeps 
across  the  surface.  Continue  this  prqpess  of  dilut- 
ing and  spreading  the  inoculum  over  the  medium 
until  the  entire  agar  surface  is  covered.  As  you 
continue  the  streaking,  fewer  and  fewer  cells  arc 
dispersed  by  the  loop,  and  finally  single  cells 
are  spread  across  the-agaf.  Each  cell  will  grow 
into  a  visible'colony  under  suitable  environmental 
conditions.  If  you  are  .culturing  clinical  material 
on  a  cotton  swab,  you  can  roll  the  swab  -over 
a  small  area  of  the  agar  surface  at  the  edge  of  the 
plate.  Then,  spread  the  inoculurti  wifh  a  wire 
loop  as  just  described, 

10-4.  Although  many  agar  base  media  arc 
available  for  ybur  use,  a  blood-enriched  peptone 
agar  is 'usually  the  medium  of  choice  for  the  pri- 
mary isolation  of  fastidious  pathogenic  bacteria. 
As  a  routine  matter,  the  streaked  plates  are  in- 
cubated at  37°  C  for  18  to  24  hours  in  the 


•  inverted  position,  followed  by  examination  of  iso- 
lated colonies,  grossly  and  microscopically,  for 
characteristics  of  various  genera  and  species.  You 
can  "pick"  pure  cultures  by  touching  the  center 
of  a  colony  with  a  wire  needle  and  subculturing 
the ,  material  to  suitable  broth  or  agar  media  for 
additional  tests. 

10-5.  Remember,  however,  that  several  orga- 
nisms may  clump  together,  during  inoculation  of 
a  specimen  to  an  agar  plate.  The  resulting 
growth  will  be  a  mixed  colony  which  is  often 
difficult  to  recognize  aswsuch.  Bacteria  of  dif- 
ferent species  will  obviously  produce  an  impure 
colony,  yielding  atypical  results  in  biochemical 
tests  employed  for  identification  purposes.  This 
situation  points  up  the  value  of  studying  a  stained 
slide  of  the  growth  at  the  time  the  colony  is 
picked  for  further  tests.  If  the  slide  reveals  that 
the  colony  cot^ists  of  more  than  one  type  of 
bacteria,  you  must  ^either  select  a  different  colony 
from  the  plate  or  $lse  restreak  the  colony  origi- 
nally chosen.  Restreaking  from  {  one  plate  to 
another  is  one  form  of  subculturing  to  obtain 
isolated  growth  of  mixed  flora. 

10-6.  Pour  plate.  The' pour  plate  technique  for 
securing  isolated  colonies  also  generally  involves 

'blood  agar.  Culture  tubes  of  sterile  infusion  agar 
or  other  suitable  basal  medium  are  first  melted  in 
boiling  water.  After  cooling  the  medium  to  about 
48°  C.  in  a  water  bath,  add  sterile  defibrinated 
blood  aseptically.  Then,  inoculate  each  tubed 
blood-medium  mixture  with?  a  sample  of  the  speci- 
men or  broth  culture,  mix  gently  and  dispense  it 
to  a  sterile  petri  dish.  Since  your  specimen  inocu- 

'  lum  may  hold  too  many  microbes  to  yield  widely 
spaced  colonies  on  the  pour  plate,  it  is  a  good 
idea  to  prepare  a  second  plate  containing  a 
dilution  of  the  inoculum.  You  make  this  dilu- 
tion *  by  mixing  a  loopful  of  material  from  the 
specimen  in  5  or  6  ml.  of  sterile  broth  or  saline. 


60 


ERiC 


7 


\ 


Then,  add  one  loopful  of  this  diluted  specimen 
to  a  tube  of  b!oo£  medium,  and  pour  the  medium 
into  a  sterile*  petri  dish  as  before. 

10-7.  When  the  medium  solTdifies,  individual 
cells  of  the  inoculum  are  immobilized  in  various 
areas  of  the  agar.  During  incubation  each  cell  ^ 
will  multiply  to  form  a  visible  colony.  To  make 
subcultures  or  prepare  stained  slides  from  pour 
plate  cultures,  pick  growth  from  individual  col- 
onies within  the  agar  using  a  sterile  needle.  The 
pour  plate  offers  an  advantage  if  you  want  to 
perform  bacterial  counts  on  various  types  of 
specimens;  however,  the  pour  plate  procedure  is 
more  time  consuming  than  is  the  case  of  streaking. 

10-8.  Because  of  the  time  factor,  blood  agar 
pour  plates,  as  opposed  to  streak  plates,  are 
mostly  used  to  determine  the  type  of  hemolysis 
produced  by  strains  of  streptocod^  The  "O" 
hemolysins  of  beta  hemolytic  streptococci  are  ac- 
tive only  under  anaerobic  conditions  such  as 
those  provided  by  the  depths  of  <he  agar  pour 
plate. 

10-9.  Subculturing.  After  you  have  obtained 
isolated  colonies  by  the  streak  plate  or  pour  plate 
technique,  you  usually  need  to  transfer  -  (sub- 
culture) them  to  tubed  media  for  further  study. 
There  are  'several  different  configurations  in 
bed  media,  each  develope3*W(ftL^pecific  pur- 
Lose,  but  we  will  limit  our  discalsion  to  the  fol- 
lowing types: 

Liquid  broth  cultures. 
Slant  cultures. 
vStab  cultures. 


10-10.  Liquid  broth  cultures.  These1  are  used 
to  maintain  the  viability  of  an  organism  by  suc- 
cessive transfers  to  fresh  medium;  to  grow  a  large 
volume  of  liquid  culture  for  inoculati&i  to  dif- 
ferential or  fermentation  media;  or  to  study 
motility.  To  inoculate  a  broth  culture,  use  a  wire 
loop  to  pick  a  colony  from  a  plate.  Emulsify 
this  material  on  the  moist  wall  of  the  tube  just 
above  the  liquid  level,  and  wash  down  me  solid 
matter  by  tilting  the  tube.  If  the  inocuJuip  is 
Jiquid  instead  of  growth  from  a  colony,  simply 
place  a  loopful  in  the  broth  and  disperse  it  by 
gentle  agitation.  A  word  of  caution,  though:  if 
you  swirl  the  lo6p  too  vigorously,  droplets  will 
escape  from  the  tube  and  contaminate  the  sur- 
rounding air.  The  resulting  aerosol  can.  infect 
you  and  your  fellow  workers.  Don't  forget,  too, 
Avhen  transferring  broth  cultures  with  a  pipette, 
to  u$e  a  cotton  plug  in  the  mouthpiece  to  prevent 
accidental  contamination  of  yo^r  lips  and  mouth. 

10-11.  Slant  cultures.  Slant  cultures  are  used 
for  biochemical-  tests  as  well  as  to  maintain  stock 
cultures  in  the  laboratory.  We  learned  earlier  in 


Chhpter  3  that  "slants"  are  tubed  agar  media 
that  have  been  allowed  to  harden  in  a  near- 
horizontal  position  to  give  a  large  surface  area 
for  bacterial  growth.  You  prepare  them  by 
streaking  an  inoculum  over  the  slant  surface  from 
bottom  to  top.  If  the  slant  contains  water  of 
condensation  at  its  base,  drain  the  moisture  out 
by  inverting  the  tube  before  inoculation.  Do  not 
spread  the  water,  ovei  the  surface  of  Ine,  slant 
because  the  resulting  growth  will  not  give  a  char- 
acterisuc  appearance.  * 

10-12.  Stab  cultures.  These  are  *also  used  in 
biochemical  tests,  especially  for  anaerobic  orga- 
nisms. You  can  make  stabs  with  a  straight  needle 
into  tubes  of  solid  or  semisolid  medium  (not 
slanted)  which  hardened  in  a  vertical  position  to 
give  great  depth  and  a  small  surface  area.  You 
should  center  the  stab  line,  and  extend  it  approxi- 
mately two-thirds  of  the' depth  of  the  medium. 
Insert  the  inoculating  wire  straight  and  evenly  to 

CSfvoid  tearing  the  medium  and  creating  bubbles' 
Later,  these  bubbles  could  be  mistaken  for  gas 
production.  *  In  some  instanced  the  features  of 
stab  and  slant  cultures  are  combined.   For  in- 
stance, the  differential  medium,  triple  sugar  iron 
agar,  described  in  the  preceding  fhapter  is  both 
a  slant  and  Stab  culture.  It  is  used  to  detect  sugar 
fermentation  as  well  as  HmS  production  in  the 
sante  tube.  / 
10-13.  Diluting.  In  the  description  of  a  pour 
plate  technique  we  -  torched  on  the  advisability 
of  diluting  the  inoculum  from  .a  clinical  speci- 
men to  insure  that  well  isolated  colonies  would 
grow  out  on  the  plate.  You  can  also  use  dilution 
cultures  to  estimate  the  number  of  bacteria  in  a 
specimen.  A  urine  sample,  for  instance,  may  con- 
tain so  many  bacteria  that  it  would  be  impossi- 
ble to  obtain  separate  and  ppre  colonies  by  plat- 
ing the  undilutdj  urine.  Diluting  this  specimen, 
say  1:100  and  1:1000  in  saline,  not  only  assures 
isolation  of  colonies,  but  allows  you  to  make  a 
colony  count  Multiplying  the  number  of  colonies 
on  the  plate  by  the  dilution  factor  tells  you  the 
number  of  bacteria  per  mL  of  urine.  In  this  cal- 
culation, each  colony  is  assumed  to  be  the  pro- 
geny of  a  single  bacterium  present  in  the  original 
specimen. 

10-14.  Filtering.  Filter  cultures  are  a  means  of 
cultivating  bacteria  on  a  .solid  surface  without 
using  specific  solidifying  agents.  A  technique  de- 
veloped^ the  Millipore  Filte^BtemPration3  uses 
a  very  thin,  highly  porous  membrane  filter  made 
of  cellulose  acetate,  colloidon,  or  similar  materia' 
First  remove  bacteria  from  liquid  specifl^ns 
passed  through  the  filter.  Then  place  tlje'mem- 
brane  holding  the  trapped  bacteria  ojKa  converi 


apparatus  and  technique  for  its  useyare  described  more 
fully  in  ADM-40.  Techniques  for  Microbiological  Analysis.  "1963 
edition.  Millipore  Filter.  Corp,  Bedford/ Mass. 
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tional  agar  medium  plate  as  you  see  in  figure  31, 
and  the  bacteria  will  grow  to  colony  size  right  on 
the  membrane  which  abforbs  nutrients  from  the 
medium.  Figure  32  shows  typical'  growth  cf 
colonies  on  the  filter  after  incubation.  Filters  of 
this  type  can  be  adapted  to  many  uses,  but  t*ey 
are  particularly  advantageous  under  conditions 
in  which  you  must  collect  and  identify  a  few 
bacteria  dispersed  in  &  large  volume  of  Air  or 
Water.  . 
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11.  Initial  Isolation  Procedures 

11-1.  Specimens  from  many  sources  contain- 
ing a  wide  spectrum  of  bacteria  constitute  the 
^orkload  of  a  bacteriology  section.  In  setting  up 
cultural  conditions  favorable  to  isolation  of  the 
diverse  species  found  in  clinical  material,  you 
should  keep  m  mind  the  growth. parameters  that 
we  discussed  in  the  previous  chapter.  Incubation 
temperature,  pH,  moisture,  the  proper  gaseous 


atmosphere,  and  suitable  nutrients  all  come  into 
play  in  establishing  an  ideal  environment  for 
propagation  of  pathogens  in  the  laboratory.  In 
this  chapter  we  will  present  a  flbw  chart  for  each 
type  of  specimen,  outlining  the  primary  isolation 
media  anc}  noting  the  organisms  usually  sup- 
ported by  each  medium.  Specific  reactions  for 
identifying  the  organisms  will  be  discussed  in 
greater  depth  in  a  later  chapter  of  this  volume 
and  in  Volume  2. 

11-2.  Throat  and  Nasopharyngeal  Swabs.  The 
selection  of  media  for  culturing  throat  and  naso- 
pharyngeal specimens  must  be  broad  because  so 
many  different  genera  may  be  involved.  In  fig- 
ure 33  we  have  diagrammed  a  flow  chart  to 
follow  in  working  your  cultures.  T*he*  pathogenic 
organisms  most  often  found  in  the  throat  and 
nasopharyngeal  area  include  species  of  beta 
hemolytic  streptococci,  Staphylococcus  aureus, 


Corynebacterium  diphtheHfc*  Bprrelia  vincehtii, 
Hemophilus,  and  Bordetella^ptcits.  The  genus 
Bordetella  now  includes  B /^pertussis  H  which 
formerly  was  classified  as  Hemophilus  pertussis. 

11-3.  For  routine  cultures, vinoculate<a  blood 
agar  plate  by  either 'the  streak  or,  pou^plate 
.  method,  generally  the  former.  Blood  agar  differ- 
entiates between  the  several  types  of  Hemolysis 
(lysis  of  red  blood  cells  around  the  colony)  an*d 
furnishes  the  nutrients  required6  by  many  fastidi- ' 
ous  pathogenic  "bacteria.  Incubate  the  plate  at 
37°  C  in  h  candle  jar  for  24  to  48  hours  to 
provide  a  slightly  higher  than  ajnbient  carbon 
dioxide  (C02)  environment.  The  increased 
COo  is  not  harmful  to  the  pther  pathogens  and  is 
required  for  isolating  Neisseria  meningitidis,  the 
agent  of  epidemic  meningitis.  Chocolate  agar 
(heated  blood)  is  preferred  by  some  strains  of 
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•Optional     -  may  save  time  in  ldent 1 fy 1 ng  col > forms . 
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Figure  33.    Flowchart  for  processing  throal  and  nasopharyngeal  swabs. 
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N.  meningitidis,  so  in  addition,  streak  a  plate  6i 
chocolate  agar,  in  cases  of  suspected  meningitis, 
11-4.  It  is  a  good  idea  to  make  two  or  three 
slanted  cuts  in  the  aear  with  a  loop  in  the  heavily 
inoculated  area  of  the  streak  plate.  This  will  allow 
subsurface  growth  of  streptococci  which  produce 
the  '*Cr  hemolysin  under  anaerobic  conditions. 
Another  technique  to  detect  the  ..hemolysin  is  to 
}  place  a  sterile  coverslip  on  the  surface  of  the 
streaked  plate,  over  the  slanted  cut.  The  medium 
beneath  the  Coverslip  is  devoid  of  atmospheric 
oxygen,  permitting  the  "O"  hemolysin  to  fQrm, 
You  have  already  learned  that  pour  plates,  as  well 
as  streaked  plates,  are  often  used  in  studies  on 
streptococcal  hemolysins. 

1 1-5.  You  should  inoculate  a  part  of  the  spec- 
imen into  thiogiycoilate  broth,  an  excellent  gen- 
eral-purpose medium  which  supports  the  growth 
of^both  aerobes  and  anaerobes.  Before  you  inoc- 
ulate the  tube  of  thiogiycoilate,  check  to  sec 
whether  or  not  the  broth  has  changed  color.  The 
normal  bluish  eolor  is  due  to  an  indicator,  methy- 
lene blue,  which  turns  pink  when  atmospheric 
oxygen  diffuses  into  the  medium.  If  the  pink 
tiolor  is  se^cn  below  the  upper  one-third  of  the 
tube,  you  must  heat  the  medium  in  boiling  water 
to  drive  off  dissolved  oxygen  and  then  quickly 
Cool  it.  Do  not  reheat  the  tube  more  than  once, 
because  repeated  heatings  alter  the  chemical 
composition  of  the  thiogiycoilate  ijroth. 

11-6.  The  type  of  growth  in  the  thiogiycoilate 
medium  (sediment,,  pellicle,  floccules)  gives  a 
hint  of.  the  next  step  to  take  in  identification. 
You  shouid  then  subculture  ••organisms  seen  irt 
the  broth  and  incubate  them  further  under  aero- 
bic or  anaerobic  conditions,  depending  on  the 
level  at  which  the  growth  appeared  within  the 
thiogiycoilate  medium.  A  pellicle  on  the  surface* 
shows  the  presence  of  an  aerobe.  Conversely, 
growth  deep  in  the  tube  must  have  been  formed 
by  an  anaerobe,  so  you  should  incubate  sub- 
cultures anaerobicaily  in  this  instance.  The  Gram 
reaction  and  morphology  on  a  stained  slide  of 
the  bacteria  in  trwoglycollat<e  medium  wiil  suggest 
the  type  of  medium  and  vatmosphcric  environ- 
ment to  be  used  in  subcuituring. 

11-7.  Inoculate  a  part  of  the  throat  or  naso- 
pharyngeal  specimen   to  a   slantj  of  Loeffler's  v 
M*rum  nledium  and  potassium  teiiurite  medium 
if  Carynebarteriu/n  diphtheriae  is  suspected.  The 
•  organism  grow^out  on  Loeffler's  in  18  to  24 
hours  at  37   C.  You  should  aiiow  the  potassium 
teiiurite  agar  to  incubate  at  37    C.  for  48  hours 
*to  allow  the  formation  of  the  gray  to  black  colony 
pigment  characteristic  of  C.  diphtheriae.  .If  the 
physician  wants  to  rule  out  whooping  cough,  he 
may  ask  for  a  "cough"  plate  uf_,  Bofldet-Gengou 
medium.   By  this  technique.-  the  patient  cough* 


directly  onto  the  surface  of  the  plated  medium, 
and  Bordetella  pertussis  expelled  in  saliva  drop- 
lets appears  as  isolated  colonies  on  the  surface 
of  the  selective  medium. 

1 1-8.  If  you  are  looking  specifically  for  staph- 
ylococci, it  helps  to  streak  a  medium  containing 
mannitol  and  a  high  concentration  of  sodium 
chloride  in  an  -  effort  to  isolate  pathogenic 
Staphylococcus  aureus  in  minimum  time,  A  me- 
dium such  as  mannitol  salt  agar  is  selective  in 
this  respect.  Colonies  which  produce  a  yellow 
discoloration  of  the  medium  are  mannitol  for- 
menters,  The  fact  that  growth  has  occurred  in 
a  high  salt  concentration  is  presumptive  evidence 
that  the  organism  belongs  to  the  genus  Staphy- 
lococcus. You  must  necessarily  follow  with  con- 
firmatory tests  as  to  genus  and  species, 

11-9.  One  of  the  enteric  media  such  as  eosin- 
methylene  blue,  MacConkey,  or  Endo  agar  will 
aid  in  isolating  Gram-negative  bacilli  that  may  be 
present  in  the  throat.  Recovery  of  Proteus  spp. 
and  Escherichia  coli  from  throats  of  young  chil- 
dren is  common, 

11-10,  As  part  of  the  initial  processing,  make 
a  direct  slide  smear  from  the  specimen,  particu- 
larly Jf  Vincent's  Angina  (Trench  Mouth)  is 
suspected.  It  is  best  to  use  a  separate  swab,  but 
if  only  one  swab  was  received,  prepare  the  smear 
after  the  culture  medi^  are  inoculated.  As  a 
rule,  glass  microscope  slides  are  not  sterile.  If 
slides  are  smeared  with  the'  swab  before  the 
plates  are  inoculated,  there  is  a  good  chance  that 
the  media  will  be  contaminated  by  organisms 
which  were  not  present  in  the  specimen. 

1 1  - 1 1 .  Sputum,  Bronthial,  and  Gastric  Wash- 
ings for  Acid-Fast  Bacteria  (AFB).  You  can  find 
a  wide  variety  of  organisms,  some  of  them  highly 
infectious,  in  cultures  of  these  specimens.  In  fig- 
ure 34,  we  have  shown  a  laboratory  processing 
scheme  for .  successfully  isolating  representative 
microorganisms.  The  specimen  is  usually  derived 
from  a  true  or  suspicioned  case  of  pneumonia  or 
tuberculosis.  Generally,  the  physician  will  specify 
that  he  wants  "acid-fast"  or  tuberculosis*  studies. 
Otherwise,  you  set  up  routine  procedures  that 
will  grow  out  bacteria  other  than  Mycobacterium 
tuberculosis,  which  requires  special  processing 
steps,1  Organisms  most  likely  to  be  isolated  from 
sputum  and1  other  specimens  in  this  category  are 
Staphylococcus  aureus,  Streptococcus  spp.,'  Dip- 
lococcus  pneumoniae,  Klebsiella  pneumoniae, 
Hemophilus  spp.,  Bordetella  per tussis,  the  yeast- 
like  Candida  spp.,  and  Mycobacterium  tubercu- 
losis. 

11-12.  You'can  do  practical  and  efficient  iso- 
lation of  these  organisms,  except  for  the  tqbercie 
bacillus,  by  inoculating  blood  agar,  enteric  media 
arid  thiogiycoilate  broth  in  accord  with  the  cul- 
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Figure  34.   Flowchart  for  processing  sputum,  bronchiaf  and  gastric  washing*. 


tural  conditions  we  established  for  throat  and 
nasopharyngeal  swabs.  You  should  also  prepare 
a  smear  to  check  visually  for  bacteria  in  the 
specimen.  Remember,  a  stained  smcari  gives  > 
tinly  a  rough  indication  of  the  number  ari^tefod 
of  organisms  present.  If  the  stain  is  done  prop- 
erly, however,  the  size,  shape,  and  Gram  reac- 
tion of  the  microbes  will  serve  as  a  guide  to 
subsequent  culture  procedures. 

11-13.  For  acid-fast  studies  (AFB)  you  need 
special  media,  and  the  sputum  specimen,  itself, 
is  handled  differently.  If  a  routine  culture  is 
requested  \f\  addition  to  a  culture  for  tubercu- 
losis (TB).  you  should  set- up  the  routine  work 
before  you  start  TB  processing,  or  else  you  must  " 
use  two  separate  specimens.*  This  is  necessary  ' 
because  the  drastic  digestion  and  concentration 
technique  for  isolation  of  the  tubercle  bacillus 
destroys  oth^r  microorganisms  in  th£  sputum. 

11-14.  Collection.  A  sputum  (not  saliva) 
specimen  must  be  collected  either  early  in^p 
morning  or  over  a  12  to  24  hour  period  (never 
longer)  to  produce  a  representative  sample.  Gas- 
tric specimens  should  also  be  collected  early  in 
the  morning  from  a  fasting  patient,  and  on  three 
successive   days.    Yiflu^must    process  stomach 

'  washings  without  delay  because  the  highly  acid 
gastric  juices  will  inactivate  the  tubercle  bacilli. 
Bronchial  and  gastric  washings  are  collected  only 
by  a  physician.  Direct  smears  and  concentration 
procedures  should  be  instituted  as  soon  as  possi- 
ble after  collection  of  the  specimens  to  insure 
recovery  of  .viable  acid-fast  bacilji. 

*  11-15.  Direct  smear.  Tubercle  bacilli  from  an 
active  case  are  highly  infectious.  A  hood  is 
strongly  recommended  for  processing  possible 
tubercular  specimens.  It  is  also  a  wise  precaution 
in  handling  sputum  with  a  loop  to  dip  the  needle 
in  phenol  before  flaming  the  tip  to  reduce  con- 
tamination from  "sputtering"  us  the  specimen 
incinerates.-  In  examining  a  sputum  specimen- 
select  puVulent.  bloody,  or  caseous  material  to 
prepare  dire^rt^wKfars.  You  may  use  either  the 
Ziehl-Neelsen  stain  or  the  Modified  Kinyoun,  or 
both  to  stain  the  smear.  Studies  have  shown  that 
at  lea'st  100.000  bacilli  per  ml.  of  sputum  must' 
be  present  if  we  expect  to  find  TB  organisms 
microscopically.  Regiirdlcss  of  whether  acid-fast 
forms  arc  seen  on  trfe  slide,  you  should  concen- 
trate the  sputum  to  increase  your  chances  of 
isolating  the  tubercle  bacillus  in  culture. 

11-16.  Concentration.  There  arc  several  good 
concentration  techniques  which  do  not  destroy 
the  tubercle  bacillus  and  which  also  reduce  the 
risk  of  infection  to  the  technician.  Concentration 
techniques  are  based  on  the  principle  of  breaking 
itown  tissup  in.  which  Mycobacterium  tubercu- 
losis  is  trapped,  while  at  the  sarme  time  destroying 


other,  less  resistant  microbes  which  might  later 
overgrow  the  tubercle  bacillus  during  cultivation 
on  isolation  media.  We  arc  using  sputum  a*  a 
typical  specimen  in  this  discussion;  however, 
the  digestion  and  concentration  techniques  arc 
equally  applicable  to  bronchial  and  gastric  wash- 
ings. JC 

11-17.  Sodiu(n  hydroxide,  trisodium  phos- 
phate, or  commercially  available  enzyme  prepar- 
ations arc^uscd  in  the  digestion  process. '  Treat- 
ment of  sputum  samples  with  sodium  hydroxide 
(NaOH)  is  one  of  the  most  widely  used  tech- 
niques of  concentration.  It  is  a  simple  procedure 
which  involves:  first,  adding  4  percent  NaOHt 
in  a  volume  equal  to  that  of  >  the  specimen  jntf 
shaking  the  mixture,  preferably  on  a  mechanical 
shaker,  to  homogenize  the  specimen.  The  second 
step  consists  of  centrifuging  the  sediment  and 
decanting  the  supernatant  liquid  into  5  percent 
phenol  disinfectant.  No  later  than  30  minutes 
after  adding  the  NaOH,  you  should  titrate  the 
sediment  to  a  neutral  endpoint  with  hydrochloric 
acid  (HC1),  Portions  of  the  sediment  are  then 
ready  for  preparation  of  additional  slides,  cultur- 
ing,  and  animal  inoculation. 

11-18,  The  string  alkali,  NaOH,  offers  three 
advantages:  (1)  it  is  quick.  (2)  it  produces  less 
sediment  during  digestion,  and  (3)  it  yields  a 
neutralized  sediment  ( pftcr  HCl  treatment) , 
which  dopsn't  iFritate  animal  tissues.  This  last 
factor,  is  important  in  reducing  the  number  of  u;st 
animals  which  become  sick  or  die  as  a  traumatic 
result  of  the  inoculation  rather  than  from  infec- 
tion with  the  rubcrcle  bacillus  in  the  sediment, 

H-19.  Trisodium  phosphate  also  has  a  diges- 
tive effect  It  is  especially  useful  for  samples  which 
cannot  be  processed  immediately,  for  those  which 
have  large  quantities  of  mucus,  and'  for  speci- 
mens that  are  to  be  mailed  to  a  reference  labora- 
tory. Exposure  to  trisodium  phosphate  for  1  day, 
or  longer,  will  digest  the  specimen  and  inhibit 
growth  of  microbes  other  than  the  TB  organism, 
howeve^,  this  reagent  is  less  inhibitory  thaar  Na- 
OH, -Tubercle  bacilli  remain  viable*  even  after  a 
week's  exposure  to  ixiso9ium  phosphate. 

11-20.  You  begin  the  process  by  mixing  the 
specimen  with  an  cq'ual  volume  of  13  percent 
trisodium  phosphate  (Na K?0A.  1 2HjO)  in  \£ 
screw-cap  bottle.  Agitation  on  a  mechanical 
shaker  helps  to  speed  up  digestion.  (Mailed 
specimens  are  usually  digested  by  the  time  they 
reach  their  destination.)  After  V>u  centrifuge 
and  discard^thc  supernatant,  wash  Vic  sediment 
with  sterile  saline  and  centrifuge  it  again.  Then 
the  sediment  is  ready  for  slides  and  culture. 

11-21.  The  n-ac?tyl-l-cysteine  (NAC)  tech- 
nique is  a  *  relatively  new  enzymatic  digestion 
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procedure.  Mucoproteins  in  sputum  and  mucus 
specimens  are  readily  dissolved  by  a  solution  of 
the'enzyme  in  weak  NaOH.  The  main  advantage 
of  the  NAC  technique  is  greater  -survival  of  the 
tubercle  bacillus  during  the  digestion  process  be- 
cause of  the  lower  concentration  of  alkali  present. 
If  the  sputum  is  very  viscous,  you  can  add  a 
small  amount  of  |  NAC_gowder  directly  to  the 
specimen.   Otherwise,  add  an  equal  volume*  of 
the  digestant  solution  to  the  sputum  in  a  tube 
and  wait  until  the  specimen  clears  (5  to  30 
seconds).  Let  the  mixture  stand  for  an  additional 
15  to  30  minutes. 
-     11-22.  After  digestion  is  complete,  neutralize 
the  NaOH  with  M/15  sterile  phosphate  buffer 
and  centrifuge.    Pour  off  the  supernatant  fluid 
into  a  disinfectant  solution,  being  careful  not  to 
disturb  the  sediment.  To  this  sediment  add  1.0 
ml.  of  bovine  albumin  (Fraction  V)  to  serve  as  a 
buffer  against  pH  change  during  growth  of  the* 
culture.   Mix  well,  inoculate  culture  media,  and 
prepare  slides  for  staining. 

11-23.  Smear  of  concentrate,  you  should  ex- 
amine air-dried,  heat-fbfed  smears  of  the  speci- 
men and  %  of  the  concentrated  sediments  for 
acid-fast  bacilli.  The  previously  mentioned  Ziehl- 
Neslsen  and  Modified  Kinyaun  stains  are  widely 
nged.  Both  use  basic  dyes  in  conjunction  with  « 
other  constituents  that  increase  pentrability  of 
^the  dyes.  In  the  Ziehl-Neelsen  method,  heat  is 
applied  to  drive  the  stain  into  the  cell.  The  Modi- 
fied Kinyoun  method  uses  a  wetting  agent,  Ter- 
gitol  7,  for  the  same  purpose.  Once  the  cell  is 
stained,  acid-alcohol  will  not,  remove  tfac  light 
pink  (acid-fast)  color  from  the  stained  cell.  The 
background  is  stained  >with  methylene  blue  and 
serves  as  a  color  contnat  for  the  -pink  tubercle 
bacilli.  l^s  .  - 

11-24.  Cidture.  You  .can  culture  the  sediment 
on  a  variety  of  media,  but  Lowenstein-Jensen. 
Petragnani's.  and'  Middlebrook  7H10  agar  We 
commonly  used.  The  first  two  are  egg-base  media 
which  require  a  prolonged  incubation  period  (up 
to  8  weeks).  The  Middlebrook  medium  is  solidi- 
fied with  agar  and  grows  tubercle  bacilli  more 
rapidly  (about  3  weeks).  The  majoi'  drawback 
in  its  use  is  the  need  for  a  2-  to  5-percent  COu. 
^atmosphere.  However,  a  CO>  incubator,  candle 
jar,  or /a  culture  of  Mycobacterium  phlei  sealed  y 
in  n  plastic  ba£  with  tfye*  cultures  -will  provide  the  « 
correct  proportion  of  gases.' 

,  1  1-25.  Animdl  inoculation.  Animal  inocula- 
tion is  a  valuable  diagnostic  atool  to  detect  tuber- 
cle Kicilli  when  only  a  few  organisms  arc  present 
in  a  s^cimcn.  llhc  test  also-  gives  an  indication 
of  JFulcncc-  Iriject  cultures  or  concentrated 
clmfcal  specimens  subcutaneously  or  intraperi-  < 
ideally  into  guinea  pigs.Jhe  acid-fast  organisms 
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will  develop  a  progressive  and  usually  fatal  dis- 
ease. The  lesions  can  be  seen  in  any  area  of  the 
body;  however,  invasion  of  the  deep  tissues  sug- 
gests a  mycobactcrium  of  high  virulence. 

11-26.  Body  Fluids.  Specimens  that  you  will 
be  asked   to  culture   include  spinal,  synovial.* 
pleural,  pericardial,  and  peritoneal  fluids.  These 
specimens  are  collected  by  the  physician  from 
the  spinal  column,  joints,  and  cavities  of  the 
lungs,  heart,  and  abdomen.    Among  the  orga- 
nisms which  ypu  may  encounter  frequently  in 
^  Ihese  body   fluids   arc   the   following  genera: 
v  Neisseria,   Diplococcus,   Streptococcus,  Staphy- 
lococcus, Hemophilus,  and  occasionally  Myco- 
bacterium. One  of  the  fungi  chiefly  responsible 
for  meningitis  is  Crvptococcus  neoformans  (tor- 
ula).  r 

'1 1-27.  Again,  you  mftst  consider  whether  to 
usqffroutine  or  acid-fast  techniques,  and  th&  is 
usually  determined  by  the  physician's  provisional 
diagnosis.  Since  clotting  is  a  factor  to  be  con- 
sidered in  specimens  of  this  type,  you  should 
usually  add  sterile  heparin  to  prevent  clotting 
while  processing  is  underway.  %  the  volume  of 
fluid  is  small,  you  can  culture  the  entire  speci- 
men. Otherwise,  you  should  centrifuge  the  fluid 
and  examine  and  inoculate  the  sediment  to^ 
media  according  to  the  scheme  shown  in  figure 
35.       -  .  * 

11-28.  From  the* origin  of  flic  specimen  in, 
deep  tissues,  we  can  Surmise  that  microbes  found 
in  bodjfc  fhjids  are  using  an  anaerobic  form  of 
respiration.   Hence,  the  procedure  for  isolation 
differs  slightly  from  that  described  for  specimens 
from  the  respiratory  tract.  You  should  inoculate 
a  portion  of  the  specimen  to  two  blood  agar 
plates,  one  chocolate  agar  plate  and  one  tube  of 
thioglycollate  medium.   You  can  use  an  enteric 
medium  as  well  if  the  direct  smear  of.  the  sedi- 
ment reveals  Gram-negative  rods.'  Incubate  one 
blood  ^igar  plate  and  the  chocolate  agar*  plate 
undej-  COi  tension  in  a  candlejar.  Incubate  the 
second   blood   agar   plate   ariaerobically   in  a 
Brewer  jar  for  at  least  24  hours  at  37°  C.  The 
thioglycollate  medium  is  incubated  an<i  sjubcuk 
tured  as  previously  described.  If  acid-fast  studies  - 
are  indicated,  you  should  inoculate  TB  media  * 
with  an  aliquot  of  the  body  fluid  and  prepare  an 
acid-fast  stain.^ 

11-29.  In  addition  to  the  usual  Gram  stain. . 
do  an  India  Ink  preparation  of  the  sediment  to 
rule  out  infection  with  Crvptococcus  neoformans. 
or  one- of  the  other  pathogenic  fungi^Mix.n 
small  drop  of  India  Ink  with  a  drop  of  the  sedi- 
ment on  a  microscope  slide.  If  C.  neoformans 
is  present,  a  clear  area^-pr  capsule — will  t^out- 
linechsurrounding  the  individual  or  budding  cell. 
In  thd  case  of  a  positive^smear.  the  fungus  media 
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Figure  36.    Flowchart  for  processing^xudatcs. 


listed  in  ffgure  35  should  be  inoculated  with  the 
specimen  for  incubation  at  bojh  37°  C.  and  room 
temperature.  Most  fungi  have  an  optimum  tem- 
perature for  growth  lower  than  the  37°  C.  tiody 
temperature. 

1 1-30.  Cvcloheximide  (acidione)  is  an  anti- 
biotic commonly  added  to  media  to  inhibit  bac- 
teria and  saprophytic  mold  growth  in  fungus  cul- 
tures. Cryptococcus  neoformans,  however,  ^s  one 
of  the  few  pathogenic  fungi  sensitive  to  the  addi- 
tive. In  figure  35  we  have  specified  blood  agar 
and  Sabouraud's  agar  without  cycloheximide; 
but  if  the  stained  smear  suggests  a  pathogenic 
fungus  other  than  C.  neoformans,  you  should 
add  the  inhibitor  to  the  isolation  media.  . 

11-31.  Exudates.  In  Chapter  2  we  defined  an 
exudate  as  "material  .  .  .  passed  through  the 
walls  of  vessels  into  nearby  tissues  or  areas  of 
inflammation."  Dorland4  expresses  it  this  way: 
k*.  .  .  any  adventitious  substance  deposited  in  or 
on  a  tissue  by  a  vital  process  or  a  disease."  The 
bacteriologist  usually  pictures  an  exudate  as  fluid 
Y>r  scmiliquid  material  collected  from  wounds, 
skin  lesions,  tissue  abscesses,  infections  of  the  eye 
or  ear,  and  similar  pathologic  (  conditions. 

1 1-32.  Most  of  the  microbial  pathogens  known 
to  man  have  been  isolated  at  one  time  or  another 
from  exudates.  Examples  of^Uiis  diversity  were 
•  given  in  our  earlier  discussion  of  specimen  col- 
lection and  handling  (Chapter  2,  3-13).  As  a 
matter  of  routine  practice,  therefore,  culture  me- 
dia are  selected  which  will  support  growth  of 
most  of  the  commonly  found  aerobes  and  an- 
aerobes (fig.  36).  The  anatomical  origin  of  the 
exudate,  and  the  morphology  of  Organisms  seen 
in  direct  smears  of  the  specimen  often  serve  as  a 
guide  to  the  choice  of  isolation  media. 

11-33.  For  instance.  Gram-positive  rods  found 
microscopically  in  a  stained  exudate  from  a  deep 
wound  woufd  suggest  infection  with  "species  of 
Clostridium,  the  anaerobes  associated  with  gan- 
grene and  tetanus.  In  this  case,  you  would  em- 
phasize anaerobic  proce^res  by '  incubating  a 
streak  plate  in  a  Brewespar  in  addition  to  inocu- 
lating thioglycollate  broth.  Similarly,  if  an  exu- 
date reveals  yeastlike  forms  or  branching  struc- 
tures typical  of  fungi,  we  would  watch,  closely 
tor  growth  on  Sabouraud's  agar  or  one  of  the 
other  media  designed  for  isolating  the  pathogenic 
fungi. 

11-34.  Urine  Specimens.  The  urinary  tract  can 
play  host  to  a  bacterial  infection  at  a  number  of 
different  points:  ^Jhe  kidney;  the  ureters,  which 
transport  urine  to  the  bladder;  the  bladder,  itself; 
and  the  urethral  passage  leading  to  the  external 

\  Dorland.  W.A.N. .  The  American^ illustrated  Medical  Diction- 
arv.  21st  Edition.  1947.  W.B.  Saunders.  Philadelphia  &  London. 
p.  533. 


orifice.  .While  one  might  expect  the  urinary  tract 
to  be  free  of  riiicrobes  in  a  normal  individual, 
samplings  have  shown  that  apparently  healthy 
persons  often  void  thousands  of  organisms  per 
ml.  of  urine  without  clinical  evidence  of  disease. 

11-35.  The  finding  of  bacteria  in  "normar 
urine  has  raised  controversy  as  to  the  significance 
of  a  qualitative  urine  culture  in  detecting  disease. 
Most  physicians  feel  that  the  quantitative  aspects 
are  .more  significant  than  just  the  presence  or 
absence  of  microorganisms,  per  se.  Consequently, 
there  is  a  trend,  toward  reliance  on  colony  counts 
as  an  aid  to  diagnosis. 

11-36.  It  is  now  generally  accepted  that  a 
bacteriuria  (bacteria  in  the  urine)  of  less  than 
*  10,000  organisms  per  ml.  of  a  "clean  catch"  or 
-  "miclftream"  voided  urine  has  little  significance 
as  an  indicator  of  disease.  Counts  ranging  from 
10,000  to  100,000,  however,  suggest  an  infce- 
ticm;  and  colony  counts- larger  than  100,000  per 
ml.,  indicate  a  disease  state.  Since  bacteria  can 
multiply  in  urine  allowed  to  stand  at  room  tem- 
perature, speedy  processing  of  specimens  is  es- 
sential jn  performing  colony  counts.  To  demon- 
strate this  point,  let's  assume  that  freshly  voided 
urine  centals  only  1000  organisms  per  ml.  With 
a  generation  time  of  about  20  tninutes — not  at 
all  unusual  among  microorganisms — these  1000 
cells  tan  reproduce  to  a  level  of  130,000  per  ml. 
within  2  hours  and  20  minutes, 

11-37.  Counting  Techniques.  Of  the  several 
techniques  available  for  counting  bacteria  in  the 
urine,  tw^will  be' described  here: 

•  Dilution  plating, 

•  Calibrated  loop  plating. 

.  ~  ■  * 

11-38.  Dilution  plating.  An  the  first  of  these, 
an  aliquot  of  the  thoroughly  mixed  urine  speci- 
men is  diluted  1:100  and  1:1000  in  sterile  saline. 
Then  0.U  ml.  of  the  original  specimen -and  the 
same  volume  of  each  of  the  two  dilutions  i$ 
transferred  to  the  surface  of  separate,  blood  agar 
plates  for  streaking  with  a  loop  needle.  The 
,  number  of  colonies  appearing  after  incubation, 
adjusted  for  the  dilution  factor,  gives  the  ;bac- 
terial  content  of  the  original  urine  specimen. 
Thus,  if  400  colonies  grow  out  of  the  0.1  ml. 
undiluted  aliquot,  .the  urine  contains  4000  orga- 
nisms per  ml.  (10  X  400)..  You  would  expect, 
then,  to  find  only  about  4  colonies  growing  on 
the  plate  streaked  with  0:1  ml.  of  the  1:100 
dilution,  (4  X  10  X  100),  and  none  on  the 
1:1000  dilution  plate. 

1 1-39.  Calibrated  loop"  plating.  The  second 
technique*  calibrated  loop  plating,  is  more  con- 
venient in  that  it  avoids  the  time-consuming  act 
of  preparing  dilutions  of  the  urine  in  saline.  Wire 
loops  are  available  which  hold  a  measured  vol- 
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ume  of  urine,  for  example  0.01  or  0.001  ml. 
\  dip  of  the  flame-sterilized  loop  into  the  speci- 
men picks  up  a  reasonably  accurate  volume  of 
urine  to  be  streaked  on  an  agar  surface.  If  you 
multiply  the  number  of  colonies  by  the  dilution 
represented  in  the  calibrated  loop,  the  result  gives 
sou'  the.  number  of  bacteria  present  per  ml.  of 
specimen. 

11-40.  Since  some  of  the  microbes  which 
cause  urinary  tract  infections '  don't  grow  well,  or 
at  all.  when  surface-streaked'  to  blood  agaft  it  is 
•usually  a  wise  precaution  to  inoculate 'several 
other  culture  media  (fig.  37)  with  the  sediment 
from  a  centrifuged  urine  specimen.  Although- the 
urine  might  well  contain  a  mixed  population  of 
organisms,  a  Gram  s*ain  of  the;  sediment  will 
often  guide  you  in  your  choice  of  these  supple- 
ment ar\  media. 

11-41.  Urine  specimens  suspected  of  harbor- 
in/  the  tubercle  bacillus  require  a  special  con- 
centration 'technique;  First,  a  24-hour  pooled 
specimen  is  preferred.  >  Start  concentration  by 
adding  2  or  3  grams  of  tannic  acid  to  the  pooled 
urine,  shaking  the  sample  thoroughly ' and ' letting 
the  mixture  stand  overnight  in  the  refrigerator. 
You  can  further  concentrate  the  brown  prccipj- 
iate  which  IWms  if  you  decant  the  supernatant 
liquid  aqd  pack  down  the  precipitate  by  centrifu- 
gation.  Thft  packed  .sediment  is  ready  for  inocu- 
lation to  the  TB  media  listed  in  figure  37.  for 

-  staining.,  and  for  guinea  pig  inoculation. 

1  1-42.  Fecal  Specimens.  The  human  intestinal 
tract  normally  swar/ns  with  billions  of  microor- 
ganisms. It  has  been  estimated  in  this  regard 
that  well  over  half  of  the  dry  weight  of  the  stool 
consists  of  .bacterid— both  viable  and  dead  cells. 
While  some  of  the  organisms  found  at  any  one 
umc  in  the  intestine  are  transient,  having  been 
invested  with  food  and  water,  many  species  must 
be  considered  normal  ' flora.  Of  these  latter  spe- 
cies, perhaps  Escherichia  coli  is  the  best  known, 
since  it  is  universally  accepted  as  an  indicator  of 
fecal  pollution  in  testing  thcf quality*  of  water  and* 
food.  . 
'  '  11-43.  The  complex,  interrelated  flora  of 
the  intestines  comprise  representatives  of  many 
Gram-positive  -and  Gram-negative  gerjera.  Cer- 
tain of  the  Gram-positive  forms  are  capable  of 

-  causing  disease,  as  in  the  case  of  staphylococcal 
food  poisoning:  but  our  foremost  concern  in  fecal 
cultures  is  with  1  the  Gram-negative  microbes 
which  give  rise  to  some  of  mankind's  most  prcva- 

.  lent  and  debilitating  infections.   We.  have  refer- 
ence'here  to  the  enteric  diseases:    typhoid  and 
"  parat\phoid  fevers,  bacillary  dysentery,  food  in- 
fections, anil  a  \aricty  of  other  gastrointestinal 
disturbances. 


1  U44.  As  a  bacteriologist,  your  job  is  to  carry 
out  a  series  of  isolation  procedures  which  will, 
successfully  sort  out  the  pathogens  from  the 
morphologically  identical  and  taxonbmically  re- 
lated saprophytes  whose  numbers  predominate. 
Success  calls  for  ingenuity /in  your  choice  and  use 
of  assorted  enrichment,  selective,  and  inhibitory  * 
media.  Our  procedural  steps  generally  take  the 
following  sequence: 

(1)  Enrichment. 

(2)  Primary  plating. 

(3)  Petrification  plating. 

11-45.  Enrichment.  Enrichment  is  a  device  to 
increase  the  relative  number  of  pathogens  at  the 
expense  of^'thc  enteric  saprophytes  so  that  the 
pathogens  will  not  be  overgrowjl  on  a  primary" 
plating  medium.  Enrichment  consists  of  inocu- 
lating either  tctrathionate  broth  or  selenite  broth, 
or  both,'  with  2  to  3  grams  of  f^ces^or  2  to  3  ml/ 
of  stool  suspension  in  saljnc.  After,  18  to  24 
hpurs  of  incubation  at  3?6  C,  subculture  the 
'broth  to  one  or  more  of  the  plating  media  shown 
'in  figure  38  in  order  to  obtain  isolated  colonies 
for  "study.  Tctrathionate  broth  is  Somewhat  toxic 
to  Shigella  species,  so  it  is  wise  to  set  up  a 
selenite  enrichment  tube  along  with  the  tetrathi- 
onate. 

11*46.  Primary  plating.  The  choice  of  a  pri- 
mary plating  medium'  depends  to  some  extent 
<*h  what  organism  the  physician  suspects  of  cans-  s 
ing  the  disease  in  his  patient.  As  a  matter  of 
routine,  however,  it  is  best  to  inoculate  several 
of  the  available  plating  media  in  order  to  increase 
the  probability  of  a  positive  isolation.  These 
media  differ  sufficiently  in  nutrient  constituents, 
selectivity,  and  inhibitory  effects  so  that  no  onc- 
of  them  can  be  said  to  serve  Jas  a  completely 
satisfactory  medium  f°r  a'l  enterics. 

J 1-47.  The  media  listed  at  the  extreme  left 
in*  figure  38.  cosin-methylcne  blue  (EMB), 
MacConkcyV  (Mac),  Endo  and  desoxycholaic 
agar  permit  growth  of  most  enteric  organisms. 
They  also  distinguish  between  nonlactose  fcr- 
mcntcrs  (most  pathogens)  and  the  usually  harm- 
less .lactose  fermcntcrs.  Color  differences  in  the 
colonies  permit 'you  to  spot  the  pathogens.  Sal- 
monella^shigella  (S-S)  agar,  on  the  other  hand, 
is  actively  selective  for  growth  of  the  two  genera 
from  which  the  name  of  the  medium  is  derived. 
It  slow,s  down  reproduction  of  the  saprophytic 
coliforms  and  allows  pathogenic  Gram-negative 
species  tk  emerge.  An  added  feature  of  S-S 
agar,  beyond  its  selectivity,  is  the  color  distinction 
in  colonies  of  petthogen  and  nonpathogen  based 
on  ability  to  ferment  lactose.  Bismuth  sulfite 
agar  is  highly  inhibitory  to  all  enterics  except 
the  typhoid  bacillus  and  certain  of  the  other 
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SahnoneiUi  species.  vDue  to  this  inhibitary  ac- 
tion, the  plating  m/dium  is  regularK  used  for 
'isolating  Satinontffa  typhi  (S.    typhosa)  when 

ixplfoiif  bacteria  are  sought  in  water,  stools,  or 

food. 

>4  J„-UX.  Since  primary  plating  -media  support 
Jhc  growth  of  most  enteric  disease  producers,  as 
\  technician,  you  will  often  streak  one  or  more 
itf  these,  media  directly  from  the  stool-  specimen 
at  the  same  time  you  inoculate  the  enrichment 
broth.  If  you  gef  a  positive  isolation  on.  a 
streaked  pl*atc.  you  \rill  have'  saved  18  to  24 
hours  in  identifying  the  causative  wganism. 

11-49.  Purification   plating,    in    any  event, 
colonies  of  suspected  pathogens  (nonlactosc  fcr- 
mentcrs)  on  primary 'plating  media  are  usually 
•picked  and  restrcaked  to  MacConkcy's,  EMB, 
or  one  of  the  other** formulations  listed  in  figure, 
38  to  provide  a  source  of  pure  cultures  for  study 
on  differential  media.  Jn  some  cases,  of  course.  • 
you  can  circumvent  this  purification  plating  step 
"if  well-isolated  colonies  of  pathogens  appear  on 
the  primary  plating  medium.  The  .bacteriologist 
.  can  ihen^  proceed  directly  to  the  inoculation  of 
tubed  differential  agar,  such  as  Kligler'.s  or  triple 
sugar  iron  (TSI)  agar,  to  expedite  species  iden- 
tification. 

11-50.  Much  jfk  our  discussion  of  staol^  cul- 
tures has  focused  on  means  of  separating  lactose- 
positive- ( fcrmentcrs)  from  lactose-negative  (non- 
fcrmenters)  microbes  among,  the*  Gram-negative 
eencra"  Those  which  utilize  lactose  as  a  source 
of  cncrb\.  c.e..  E.  coll.  can  always  be  found  in 


stool' specimens.  They  hold  foil?  clinical  signifi- 
cance except  in  occasional  outbreaks  of  ^infant 
diarrhea. 

11-51.  The  intestinal  Gram-positive  cocci  are 
sometimes  of  interest  to  the  physician,  and  these 
forms  can  be  grown  out  on  blood  agar  plates. 
On  blood  agar,  however,  you  often  encounter 
overgrowth  by  Gram-negative  enterics,  and  puri- 
fication plating  to  a  selective  medium  becomes 
necessary.-  Fecal  streptococci  can  be  Suhculturcd 
to  Streptococcus  faecalis  medium  (SF)  which 
contains  sodium  azide  to  inhibit  Gram-negative 
enterics.  Similarly,  mannitol  salt  agar  (MSA) 
will  permit  growth  in  isolated  colonies  of  Staphy- 
lococci -to  the  exclusion  of  most  other  organisms. 

11-52.  Blood  Specimens.  In  some  microbial  in- 
fections a  bacteremia t  occurs  as  one  phase  of 
the  disease  process.  "Bacteremia"  simply  means 
that  bacteria  ijrc  present  in  the  blood  stream. 
Septicemia  is  a  term  used  to  characterize  a  bac- 
teremia with  serious  pathological  manifestations— 
a  so-called  blood  poisoning  caused  by  pathogenic 
microorganisms  and  their  toxic  products.  Regard- 
less of  whether  organisms  circulating  in  the  blood 


entered  fromMhe  intestine,  a  skin  lesion,  the 
hings,  the  urinary  tract,  or  some  other  site,  the 
bacteriologist  can  aid  Jn  diagnosis  by  culturing 
a  blood  sample  and  identifying  the  -microorga- 
nisms he  finds  there.  '  1 

4>53.  Blood  cultures.   Since  blood,  used  n 
conjunction  with  other  nutrients,  furnishes  an^  k 
ijJeal  growth^environmcnt  for  some  <0f  our  most 
fastidious  pathogens.,  it  is  not  surprising  thru 
blood  cultures  arc  widely  used,  and  with  d^grcat^ 
deal  ok  success.   It  would  be  impractical  to  pre- 
sent even  a  partial  list  of  the  infectious  disease 
agents  which  have  been  isolated  from  Jhc  bloody 
stream.   With    few   important   exceptions,  any 
bacterium  which  has-  been ,  propagated  in  tlrc 
laboratory  can  be  isolated  by  blood  culture  tech- 
niques.  Itris  worth  remembering,  however,  that 
a  bacteremia  is  apt  Jo  be  transient  or  intcr- 

•  mittent,  or  to  occur  only  during  one  well-defined 
phase  of  a  given  disease.  For  this  reason,  succes- 
sive bldod  "cultures  over  a  period  of  tinic  are 
usually  indicated  before  the  existence  of  a  bac- 
teremia can  be  ruled  out. 

11-54.  In^conventiosal  practice,  you  use  die 
blood  objfained  from?a  patient  by  .venipuncture  as 
part  of  Ae  medium  to  grow  out  bacteria  which 
might  b\  present' in  that  specific  blood  sample. 
One  of  the  several  available  meat  infusion  or 
peptone  broths  forms  the  major  component  of 
'  the  medium.  Add  the  blood  in  5  percent  con- 
centration. At  a  higher  concentration  the  natucal ' 
bactericidal  properties  of  fresh  blood  would  pie- 
vent  growth  of  many  of  the  pathogenic  species, 

11-55.  The  Castaneda  technique  of  blood  cul- 
tt^-e  employs  a  rectangular  bottle  containing  a 
solid  slant  of  nutrient  ipedium  in  addition  to 
broth.  Organisms  in  the  blood  adhere?  to  the 
agar  slant,  quaking  it  relatively  easy  to  pick  col- 
tonics  for  staining.  By  contrast,  in  the  aforemen- 
tioned conventional  broth  culture  technique,  you 
must  subculture  organisms  dispersed  throughout 
the  fluid  medium  to  streak  pla'tcs  to  obtain  iso- 
lated colonies.  This  obviously  involves  more 
time  before  you  can  establish  identity. 

11-56.  Steps  in  processing  a  blood  specimen. 
In  figure  39  we  have  outlinccj  the  steps  in  proc- 
essing a  blood  specimen  for  culture.  Draw  suvfi- 
cicntWblood  for  two  culture,  bottles,  one  for  aero- 
bic cultivation  at  37°  C.  and  the  other  tot 
anaerobic  incubation  under  increased  COj  ten- 
sion. Examine  the  bottles  visually  each  day  for 
$21  days  for  evidence  of  growth.  Negative  cul- 
tures tend  to  remain  clear  during  incubation.  As 
our  chart  shows,  a  Gram  stain  of  the  fluid  in 
positive  culture  bottles  will  indicatc^the  subcul- 
ture conditions  and  media  you  must  set  up  to 
establish  identity. 
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Figure  39.    Flowchart  for  processing  blood  specimens. 
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11-57.  There  arc  one  or  two  other  points  to 
remember  in  performing  blood  cultures.  Ideally, 
die  specimen  should  be  drawn  before  the  physi- 
cian begins  antibiotic  therapy.  If  therapy  has 
alrcad\  been  started,  however,  you  carl  sometimes 
overcome  the  bacteriostatic  effect  of  drugs  carried 
ovy/  to  the  medium  in  the  blood  sample.  By 
limbing  the  blood  inoculum  to  5  percent  of  the 
total  volume  of  culture  fluid,  the  antibiotic  is 
thereby  diluted  to  a  concentration'  that  should 
fall  below  the  inhibitor)  level.  You  can  counter-', 
acl  sulfonamides  in  the  blood  specimen  by  in- 
corporating' para-aminobenzoic  acid.  (PABA) 
(5  mg.r;  )  in  the  culture  broth.  In  addition,  you 
can  introduce  the  enzyme  penicillinase  into  the' 
culture  to  neutralize  penicillin  and  "streptomycin 
in  the  blood  inoculum.  For  antibiotics  which 
have  no  specific  untidutes.  .you  must  rely  on  the 
dilution  factor  and  the  natural  breakdown  of  the 
chug  during  the  prolonged  blood  culture  incuba- 
tion period.  , 

11-58.  Genitourinary  Secretions.  There  are  a 
number  of  bacterial  genera  which  give  me  to 
infections  of  the  lower  urinary  tract  and  the 
urethra.  These  infections -are  sometimes  revealed 
by  secretions  from  the  external  genitalia.  Aside 
from  the  gonococcus  which  qauses  the,  venereal . 
disease,  gonorrhea,  or  specific  urethritis  as  it  is 
often  labeled,  enteric  organisms  can  find  their 
wav  inio^he  gvntiourinary  passages  and  incite  a 
pat'hological  response.  Moreover,  microbes  that 
are  usually  considered  normal  flora  on  and 
within  the  genitals  occasionally  become  patho-^ 
genie  when  their  environment  is  altered,  as  by  a 
change  iif^thc  state  of  bhc  host's  mucous  mcm- 
oranes.  Sucfojnfcctious  processes  are  sometimes 
referred  to  as  nonspecific  urethritis. 

11-59.  Figure  40  suggests  the  cultural  condi- 
tions *\ou  should  provide  in  attempting  to  isolate 
■bacteria  form  genitourinary  secretions.  A  stained 
slide  prepared  from  the  specimen  is  helpful  in 
guiding  you  to  a  choice  of  media,  although  the 
slide  often  discloses  a  mixed' population  of  micro- 
bial cells.  The  presence  of  Gram-negative^  in- 
tracellular diplococci.  i.e..  within  the  host*s 
leukoeues.  is  usually  diagnostic  of  gonorrhea. 
^  htoglycollatc  medium  and  one  or  more  enteric 
media  serve  to  grow  out  the  intestinal  tract  in- 
habitants and  anaerobes  which  might  be  asso- 
ciated uuh  t|je. disease  process.  Blood  agar  and 
chocolate  agar  under  CO..  tension  will  promote 
growth  of  the  various  genera  listed  in  figure  40. 

1  I  -60.  The  specimen  is-  normally  collected  on 
a'  swab.  Swabbed  secretions  froxn  female  pa- 
tients are  always  Obtained  by  the  physician,  but 
male  patients  may  be  sent  to  the  laboratory  for 
collection  of  a.specimen.  In  this  case  the  techni- 
cian touches  a/sterile  cotton  swab  to  the  secretion 


expressed  by  the  patient  from  his  penis.  .Inocu- 
lation of  culture  media  and  slide  preparation 
follows.  Prompt  inoculation  is  indicated  because 
many  of  the  organisms  found  in  genjtourinaiy 
infections  are  especially  susceptible  to  drying. 

IJ-61.  Tissue  Specimens.  On  occasion  the  bac- 
teriologist, will  be  asked  to  culture  tissue,  usually 
in  association  with  submission  of  the  specimen  , 
for  histopathological  examination.  Specimens  arc.-* 
obtained    during    surgiial    biopsy  or  autopsy 
procedures;  they  may  consist  of  fluid  as  well  as > 
a  solid  tissue  comppneht. 

J 1-62.  Culture   the  liquid   according  Ito  the 
processing  scheme  for  body_fluids  (fig.  35).  Or- 
dinarily, you  plant  a  fragment  of  the  solid,, tissue . 
in  a  liquid  medium  that  supports  growth  of  bo>h. 
aerobes  and  anaerobes.  In  this  regard,  thioglycol- 
late  medium  is  'ideal  as  a  general-purpose  me- 
dium. In  many  cases  the  pathologist's  guidance 
is  valuable  in  selection  of  culture  -conditions^ 
That  is,  a  lung  lesion  m»f  be  typical  of  tub^cu- 
losis,  or  a  liver  nodule  found  at  autopsy, /nay 
appear  characteristic  of  one  or  another  of  the 
systemic  bacterial  infections. 

J 1-63.'  A  stained  slide  prepared  ,  from  the 
ftuid  specimen*  or  an  impression  smear  from 
solid  tissue  frequently  points  to  the  choice  of 
media  to  be  inoculated.  The  Gram  stain  reac- 
tion, the  cell  shape,  and  the  presence. or  absence 
of  unusual  morphological  features  arc  especially 
useful  in  this  respect. 

12.  Stain  Technology 

12-1.  It  is  almost  axiomatic  that  microscopic 
examination  of  a  .  stained  slide  is  the  first  task 
we  undertake  in  identifying  bacteria.  Staining  is 
necessary  because  -*most  of  the  smaller  internal 
and  external  structures  of  the  cell 'arc  otherwise 
invisible.  Indeed,  certain  of  these  structures  be- 
come visible  only  after  stains  are  applied  'in  con- 
junction with  intense  heat  or  strong  chemicais. 

'  12-2.  It  is  not  surprising,  then,  that  most 
staining  procedures  prove  lethal  to  bacteria.  So- 
called  "vital  or  supravital  dyes  ait  available  to 
stain  cells  internally  without  destroying  life  func- 
tions, but  these  dyes  have  only  limited  useful- 
ness in  routine  work.  The  staining  techniques 
you  most  frequently  use  begin  with  a  fixation 
"process  that  quickly  kills  all  cells  on  the  slide. 
Fixation  not  only  makes  the  cells  ^adhere  to  the 
slide  during  staining,  but  it  also  reduces  the  haz- 
ard of  handling  exposed  smears  of  living  patho- 
genic organisms.  - 

12-3.  There  are  a  few  circumstances  which 
require  you  to  observe  bacteria  yin  ^!ha  li^ifrfg 
•  'state.  The  circumstance  jrtost  often  encountered 
in  clinical-  laboratory  practice  is  detection  of 
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Figure  40.   Flowchart  for  processing  genitourinary  secretions. 
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motility.  Later  in  this  section,  \vc  will  describe 
the  >et  mount  or  hanging  drop  technique  of 
studying  unstained  bacteria.  Buu  first,  wo  must  w 
review  some"  precautions  in  the  proper  prepara- 
tion of  smears,  discuss  certain  fundamentals  of  t 
stain^rechnology.  and  explain  some  of  the  routine 
and  special  staining  procedures  performed  daily 
by  the  bacteriologist.  : 

*  1 2-4*  Smear  Preparation,  There  arc  thr^c  im- 
portant points  to  keep  in  mind  when  you  prepare 
.smears  for  staining:  \ 

(I)  Always  use  clean  slides. 
4   (2)  Make  more  than  one  slide  of  a- sj±cimeo, 
(3)  Air  dry  the  smear  completely.  ^  ^  > 

It  is  essential*  to-  use, only  clean,  unn^arred  glass 
glides  because  oily 'deposits,  scratches,  and  resi- 
dues ot  previous  srrfears  lower  the  quality  of  the 
stained  slide. 

*  12-5.  You  should  generally  make  two  or  more 
smears  from  the  same  specimen  for  a  number  of 
reasons:  the  first  slide  might  stain  imperfectly; 
a  special  stain  could  be  called  for  after  initial 
microscopic  observation;  and  multiple .  smears 
give  a  more  rep/escntative  picture  of  the  bacteria 
present  in  the  specimen. 

12-6.  Air  drying.  Complete  air  drying  of  the 
.smear  lays  (he  groundwork  for  a  uniform0  stain. 
It  is  always  tehipting  to  hasten  the  drying  proc- 
ess by  heating  the  wet  slide  with  a  Bunsen  burner/ 
but  the  risk  of  "cooking"  die  smeared  cells  so 
that  they  do  not -stain  typically  dictates  against 
thre  application  of  a  flame.  It  is  permissible  when 
time  is  short  to  place  the  wet  slide  on  the  lab- 
oratory -bench  near  the  base  of  the  'Bunsen 
burner  so  that  heat  radiating  downward  from 
the  flame  will  accelerate  drying.  An  alternative 
is  to  place  the  slide  -  on  a  warm  microscope 
lamp.  Jbut  determine  beforehand  that  the  lamp 
is  merely  warm  and  not  hot  tOjth^  touch. 

12-7.  Transferring  specimen.  There  arc  also 
several  things  to  remember  in  transferring  a  spec-' 
inien  to  the  slide.  Pus  and  serous  exudates  take 
the  stain  better  if  you  spread  them  as  a  thin 
film  over  a  large  area  of  the  slide.  Moreover, 
masses  of  leukocytes  and  red  cells  arc  apt  to 
obscure  any  bacteria  present  if  the  smear  is  too 
"thick.  For  smears  ©f  sputum  or  feces,  select 
.small  flecks  of  mucus  or0 blood  tinged  particles. 
These  elements,  arc  more  likely  to  yield  ofga- 
nisms  on  microscopic  examination.  You  must 
first  emulsify  swabs  containing  dried  material  or 
meager  specimens  in  a  drop  of  sterile  saline  on 
the slide  before  spreading  the  film. 

12-8.  Wc  have  already  noted  that  specimens 
of  urine,  spinal  fluid,  and  other  body  fluids  yield 
positive  results  more  often  if  sediments*  arc  col- 
lected from  thp  liquids  .by  ccntrifugation.  Trans-  - 


fer  some  of  the  sediment  to  a  slide,  using  a  loop 
needle  or.  a  clean,  wooden  applicator  stick. 
Spread  the  sediment  to  make  an  even  film.  In 
working  with  sediment  and  other  .speciritens  (ex- 
cept those  in  which  bloQd  and  tissue  cells  present 
a  complicating  factor),  make  a  thicker  smear \is 
a  rule  than  you  ordinary  would  in  staining  bac- 
terial cells  from  broth  or  solid  media.  The  con- 
centration of  microbes  ;n  clinical  material  is  gen- 
erally much  lower  than  in  laboratory  cultures. 

12-9.  Preparin0\liquid  smears.  Smears  of  liq- 
uid (broth)  caUures  are*preparcd  by  depositing 
a  loopfql  of  the  medium  on  a  glass  slide.  If  the 
broth  is  highly  turbid,  spread  the  droplet  over  an 
area  slightly  smaller  than  the  size  of  a^  dime. 
When  growths  titiUnL  you  rqay  find  it  necessary 
to  use  2  or  j3  loops  of  broth  to  prepare  a  con- 
centrated filifi.  Bacterial  growth  on  solid  media 
presents  a  different  problem.  Pick  *a  minute 
amoifnt  of  material  from  a  pure  colony  and  emul- 
sify it  in  a  drop  of  fresh  (bacteria-free)  water 
on  a  glass  slide,.  Picking  is  best  done  wit|§  a 
straight  inoculating  needle.  The  suspension  of 
organisms  should  be  only  slightly  cloudy,  other- 
wise the  smear  will  t>c  too  thick  for  microscopic 
observation  of  individual  cells. 

12-10.  Heat-fixing.  After  ^you  have  .made 
smears  and  allowed  the  slides  to  dry  in  the  air„ 
you  musK'fix"  them  by  passing  the  shdc  through 

Bunsen  burner  flame,  smear  side  up,  two  or 
three  times.  The  slide  will  feel  slightly  warm  frjt 
not  hot  when  you  touch  it  to  the  back  of  your 
hand.  If  the  slide  gets  too  hot.  the  bacteria  will 
be  charred  and  alterej^Jn  morphology.  Heat  also 
tends  to  modify  rijic  pH  of  the  cellular  material, 
a  change  that  wjll  consequently  affect  staining 
properties.  Heat-fixing  causes  the  smear  to  adhere 
so  it  will  not  be  washqd  off  the  slide  during  the 
staining  process.  When  the  slide  has  cooled,  the 
smear  is  ready. for  staining.  .  If  a  nurnhcr  of  rou- 
tine cultures  arc  to  be  examined  using  the  same 
kind  of  stain,  it  is  a  practical  idea  to  prcpa*c 
several  smears  on  a  single  slide.. 

J 2-1 1.  Staining  Procedures.  Bacteria  are  coloi- 
less  and  transient  in  their  na|urar.statc.  For 
the  most  part,  fine  structures  are  not  visible  un- 
less you^  accentuate  them  iby  imparting  a  color 
to  the  cell.  The  staining  process  serves  a  dual 
purpose.  The  dyejn  the  stain  provides  a  visual 
contrast  between  various  components  of  the  cell, 
or  between  the  cell  and  its  background;  secondly, 
the  dye  coating  expands  the  dimensions  of  the 
smaller  structures  and  thus  improves  the  resolu- 
tion of  the  light  microscope. 

12-12.  Description.  From  the  chemical  stand- 
point a  dye  is  an  organic  compound,  usually 
structured  of  benzene  rings  and  side  groups  which 
arc  specific  ^>r  each  dye.    One  such  xhemicd 


group,  the  chromophore,  gives  tho  dye  molcciilc 
its  characteristic  color.  If  the  chrpmophofc  is  an 
anion  (negatively  charged)  in  .solution,  the  dye 
is  said  to  be  an  acid  dye.  Conversely,  a  cationic' 
(liromophorc .  ( positively  charged  ion)  denotes  a* 
basic  dye.  Eosin.  one  of  the  dyq.s  incorporated 
in^hc  familiar  EMB  agar  foV  tqlifocms,  is  typical 
u*f  the. acid  dyes.  Methylene  biue,.,cry$tal  violet, 
basic  fuchsin.  and  safrimin  arc  coni|iionly  used  - 
basic  dyes.  :  :  -  ' 

12-13.  In  addition  to  the  application  of  a  dye 
to  the  smeared  specimen,  othcer  reaggints  are  usu- 
ally employed  as  adjuncts  in  the  staining  process. 
'A  mordant  is  a  substance  that  fixes  a  dye  lo  the 
cell  and  thereby  prevents  the  dye  from  being 
removed  byx  decolorizers.  The.  iodine  reagent  in  v- 
the  Gram  stain  is,  a  prime  example  of  a  mordant, 
iodine  combines  with  the  crystal,  Violet  to  prevent 
washyjg^dut  of  the  dye  during  decolorization  of 
Gram-positive  organism  with  acctone^a+QQhol  so- 
»'  lution.  A  decolorizer,  in  this  instance  acetone- 
alcohol,  is  a  chemical  solvent  Aiscd  deliberately 
to  remove  a  dye  from  the  material  being  stained.  t 
A  conn\erstarn  refers  to  a  secondary  dye  which 
follows  i\i .Sequence  the  application  of  (or  re- 
moval of)  the  principal  dye  in.  a  staining  proce- 
dure. Counterstains  are  useful  in -  developing- a 
color  contrast,  as  in  highlighting'special  structural 
features  of  a  cell. 

,  12-M.  Categories  of  stains.  For  the  sake  of 
convenience,  staining  procedures-  e:an  be  classi- 
fied into  these  four  different  categories: 

(1)  Direct  stains. 

(2)  Indirect  stains.  ' 

(3)  Differential  stains. 

(4)  Selective  stains. 

In  direct  staining,  a  dyc^ is  applied  to  bacteria 
to  bring  into  view  the  general  characteristics  irf 
cell  morphology,  such  as  shapc,-.si2:eT  and  group- 
nig.  Indirect  stains  coloc  the  background  so  that 
the  cells  stand  out  in  contrast,  but  the  bacterid. 
♦  themselves,  do  not  take  the  dye.  India  ink  prep- 
arations exemplify  this  type  of  staining.  Differ- 
ential stains  are  used  to  distinguish  between 
morphologically  similar  organisms  on  Jhe  basis  of 
the  relative  affinity  of  cells,  or  cellular 'compo- 
nents, for  a  given  dye.  The  Gram  stain,  which 
we  will  discuss  shortly,  is  perhaps  the  best  known  * 
exampl^^f^a^fferential  bacteriological  stain, 
"Selective"  stains,  as  the  term  implies^  bring  out 
specific  structural  features  such  as  flagclla.  "cap- 
sules, or  spores.  .  <  v 

12-15.  The  exact  mechanism  of  dye  action  is 
not  fully  understood  in  eaefi  ease,  but;  we  do 
know  that  some  dyes  undergo  a  firm  chemical 
union  with  cellular  components.  With  other  d^cs 
the  ^staining  involves  ^gfy  a  physical  absorption 
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or  simple  coating  acaon  at  the  cell  surface.  In 
-general,  the'adjd  dyes  combine  with  basic  ele- 
ments of  the  cytoplasm  to  give  an  evenly  stained 
appearance.  But  many  bacteria,  and  notably  the 
Pasteureiia  species,  exhibit  "bipolar"  staining  lie- 
cause  cellular  constituents  concentrated  at  both 
ends  of  the  cell  stain  more  intensely  or  accumu- 
late, dye  to  a  greater  extent  tha/i  other  areas. 
Basic  dyes  tend  to  combine  with  the  nucleic  acid 
^components  of  the  ccM;  but  since  the  nuclear 
•material  in  bacteria  is  diffused  throughout  tfie 
cell,  thjbasi^dyes  demonstrate  gross  morphology 
as  well  as  certain  internal  structures. 
.  12-16.  Reagents  used  to  stain  bacteria  can  be 
a  source  of  error  if  not  properly^  prepared  or 
applied.  The  concentration  o£  the  dy,e.  the  con- 
ccntration  of  bacteria,  and  the  time  during^vhich 
the  cIVq  is  in  .  contact  with  the  microorganisms 
determine  what  the  final  color  pattern  ^vyi  1 1  be. 
You  must  check  each  set  of  stains  for  the  proper 
timing,  sequence  if  .you  arc  to  achieve  optimum 
results.  And,  too,  a  knowledge  of  culture  condi- 
tions will  often  aid  you 'in" interpreting  staining 
reactions 'As  an  example,  old  cultures,; particu- 
larly broth  cultures,  contain  defild,  dying,  or 
atypical  cells  \vhich  will  not  stain  uniformly." Bac- 
teria grown  in  a  carbohydrate  broth  niay  not 
yield  typical  results,  particularly  if  the  carbo- 
hydrate has  been  fermented  with  ihc  production 
of  acid.  *         ■  f  -  *t 

*  12-17.  With  the  foregoing  information  of  a 
general  nature  as  background,  we  can  touch  tin 
several  of  the  more  important  differential  and 
selective  sftins.  Two  of  these,  the  Gram  and  acid- 
fast  staining  procedures,  are  performed  several 
times  daily  in  a  busy  medical  laboratory.  Capsule 
and^pore  stains,  while  not /done  routinely,  illus- 
trate* the  technically  complex  selective  staining 
procedures  that  the  bacteriologist  is*  called  upon 
to  perform  from  time  to  time. 

12-18.  Gram  staining.  "Most  bacteria  can  be 
classified  into  one  of  two  catcgorics«,on  the  basis 
of  the  Gram  staining  reaction:  Gram-positive?  or 
Gram-negative.  If  the  cells  of  a  culture  retain  :i 
crystal  violet  dye  (cells  are  purple  or  blue)  after 
washing  with  alcohol  or  acetone-alcohol  ^mixture, 
these  bacteria  arc  said  to  be  Gram-positive.  Cells 
whiph  release  crystal  violet  under  treatment  with* 
decolorizers  and  subsequently  stain  red  v^th  ;i 
safrariln  cuintcrstaih  arc  termed  "Gram-nega- 
tive." The  knowledge  of  whether  an  .organism 
is  Gjam-ncgative  or  positive  is  critically  impor- 
tant because  this  information  limits  the  number 
of  genera  which  must  be  considered  in  iden- 
tifying an  unknown  bacterium. 

12-19.  The  mechanism  of  the  Gram  skiin'is 
not  fully  known.  The  property  of  being  Gram- 

.lUB 


with  the  decolorizing  solution  also  results  in  a 
false  Gram-ncgatitc  reaction^' Immediately  after 


positive  appears  to*  be  associated  with  a  ribo- 
nucleic acid  component  of  the  cytoplasmic ■  mem- 
brane   Tljis  resdon  bf  the  bacterial  cell  has  an 

Granvnesaiivc  organisms  do  not  show  this  a£*  ,  pverdecolrfnzation. 


the  washings  become  cldar during  treatment  of  the 
smeaotith  alcohol  or  acetone-alcohol  m  mixture. 
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fihity.'.'lt  is  true  that  crystal  violet  and.  iodine 
penetrate  both  GnMii-posftive  and  Gf  urn-nega- 
tive cells/  but  these  reagents  only,  form  a  stable 
compound  in  the  Gram-pqsitivc  cells.   Bacteria  - 
which  lack  specific  cellular  substance*  ■  response 
'  ble  for  binding  the  crystal  violet-mordant  fail 
to  retain  the  violet  stain  when  decoiorizcrs  are 
applied.   The"-  Gram-negative  forms  are.  m  there- 
•fore/  stained  red  by  the  satranin  counterstain 
which  follows  the  decolorizing  step.  / 
&\  2-20.  Although    most   bacteria   are  clearly 
either  Gr^m-positive  or  Gram-negative,  there  are 
some  species  theft  exhibit  a  definite  tendency  to 
display  "  both,  gositwve  and  negative  cells  m  a. 
stained  preparation.  These  organisms  are  called 
dram-variable.    But.  whether  positive,  negative, 
or  variable,  the  G*am  reaction  is  species0  spciific 
"  when  properly  performed  and  interpreted. 

12-21.  The  Gram  staining  procedure  is  hot 
undulv  sensitive 'to  variations  in*  tccljnujuc.  but 
there  arc  certain  precautions  you  musT^atchUn 
order  to  get  a  good  stain  Consistently..   One  bf 
these  is  the  age  and  conditio^  of  the  speeim 
tb  be  stained.  Gram-positive*  oWnisms  may  t 
"  conic  Gram-negative  as  a  result  \of  autolysi.^ 
agin*,  aciditv  of  the  culture  me^um.  lmprope 
temperature  "of  intubation,  or  the  -presence  o 
toxic  substances  (drugs,  metabolic  wastes).  For 
"  best  results,  you  should  p^pare  Gram  stains  on 
cultures  18  to  24  hours  old.  Use  a  known  Gram- 
positive  organism  as' a  control.  . 

12-22.  The  .  quality  of  the  smear  rs  equally.;^ 
important!  lit-  yoti  prepare  films  unevenly  or  \o^f 
thick,  derfte  deposits  of  material  *vill  retain  cryst^-, 
violet  upon  decolorization  regardless  of  the  Grdn^; 
.   reaction.   Under  these  conditions,  falsely  Grairi- 
positive  dumps  of%aeteria  will  be  seen^in  an 
otherwise  Gram-negative  smear.    Smears,  should 
•  be  "completely  dry  Before  heat-fixing,  or  cfoe"  pro- 
\cio  carried  *  over  into  the  smear  from  culture^ 
'     media  or  specimens  will  be "  precipitated:  The 
background -of  the  smear  will  .then  bo  difficult 
.    to  decolorize  and  may  contain  debris  and  mis-, 
leadinc  artifacts.   '  .  - 

12-23.  Dccolorizatioh- of  Gram-positive  cells 
can  result  if  you  Use  an  iodine  ( mordant)  solution 
which  h«s  deteriorated.  Gram's  iodine  solution^ 
will  remain  stable  for  long  periods  of  time  when 
protected  from  light  by  storage  in  a  dark- bottle 
When  the  iodine  solution  fades'  in  color  from 
brown  to  liuht  amber  or  yellow,  it  is  no  longer 
suitable  for*  use.  Overlv  enthusiastic  .treatment 


12-24.  A  cid-fast  staining.    Members  of ^  the.  p 
genus  Mycobacterium  apd  certaip  Nqcardia  $pp. 
possess  relatively  large  amounts  of  lipids,  'fatty  , 
acids? and  waxes  wj^hin  their  ceil  wall.  Such  sub- 
stances withstand  penetration  and' staining  of  the^ 
cytoplasm  by  ordinary  methods.  When  these  re- 
sistant forfns  are  heated  during  exposure  to  a  high 
concentration  of  a  basic  «dye  in  phenol  staining 
is  more  readily  accomplished.  Bhenol  serves  as  a 
w  carrier  for  the  dye  in  penetrating  the  lipid  layer. 
Once  stained./'the  organisms  resist  deColonzation 
with  acid-afcohol  even  -upon  prolonged  exposure 
They  are  t}iu$  said  to  be  acid-fast. •  Although  >aP 
bacterid  may  "be  stained  in  this  manner,  only  the 
aforementioned -organisms,  with  rare  exceptions, 
will  resist  decolorization  with  the  acid-alcohol 
solution.  The  tubercle  bacillus  in  a  stained  smear 
will  appear  pink  to  red  because  of  the  absorption 
of  thp  carbol-fuchsin.  The  nonamd-fast  bacteria, 
having  been  decolorized  by  acid-alcohol,  will 
.show  up  as  bluejfrom  the  methylene  blue  counter- 
stain.  *  v 

12-25.  You  will  routinely^u^the  Ziehl-Neel- 
sen'  or  Modified  Kinyoun  techniques  in  examin- 
ing specimens  or  cultures  for  the  presence  of  acid- 
fast  bacilli.  In  the^Ziehl-Neelses  procedure,  time  - 
and  temperature  of  heating  the  sfnear  are  some-  ■ 
what  critical,  Overheating  .diminishes  the  color  of 
the  organisms  to  .a  pink  or  brown  or  may  even 
distort  the  shape,  of  the  cell.  Tergitoi  is  incorpo- 
rated i(V  the  MadifiecJ  Kinyoun  to  reduce  the  sur- 
\a6e  tension  between  the  cell  wall  of  acid-fast  or-  4 
jinisms  and  the  carbol-fuchsin  stain.  This  is  the 
'  le  played  by  heat"  m  the  Ziehi-Neelsen  stain. 
:  heatless  jergitol  method  is  more  advanta-^ 
(us  in  that  it  .is  less  cumbersome  and  requires 
time. 

-26.  Selective  staining.  Selective  -stains,  as 
we  Refined  them*  earlier,  aid  you  in  establishing 
the  Mentity  of^an  organism  by.  highlighting  struc-„ 
turesuhat  usually  can't  6e  observed  clearly  with 
conventional  $tains.  Capsules  and'spotes  are  typi- 
cal of  these  specialized  structures.  The  capsule 
may  be  demonstrated  by  eWr  negative  #or  posi- 
tive staining.  Ypu  will  see  capsules  most  o-ten 
cukdres  4  to  6  hours  old.  Negative 


m  young   

staining  provides  a  dark  background  (usually 
■black)  against  which  the  unstained  organism  and 
capsule  contrast.  The  capsule  is  visible  flnly  be- 
cause of  the  space  it  occupies.  The  dye.  nigrosm. 
or  India  ink  are  most  often  used,  but  not  all 
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Figure  41.    Hanging  drop  slide 

brands  or  India  ink  are  satisfactory  tor  demon-* 
strating  capsules.  Brands  containing  very  finely 
divided  carbon  particles  yield  the  best  results. 
Inks  should  be  free  of  bacterial  contamination. 
They  can  be  protected  against  contamination  by 
adding  phenol  in  0.5  percent  'concentration  by 
volume. 

J 2-27:  Hiss  stain.  The  Hiss  stain  is  useful  in 
imparting  color  to  the  capsule,  itself,  i.e.,  posi\ive 
staining.  For  best  results,  it  is  necessary  to  grow 
the  test  organism  in  a  liquid  medium  containing 
serum  or  ascitic  fluid  for  full  development  of  the 
capsule.  As  an  alternative  you  can  nti.x  blocxj 
serum  and  bacteria  grown  on  solid  media  prior 
to,  air  drying  and  heat  fixing  the  Slide.  Bacterial 
capsules  are  composed  of/i  polysaccharide  which 
tfdBf  ncft  stain  well  by  ordinary  means. m  This  cap- 
Mile,  however,  can  be  caused  to  swell  when  mixed 
\sith  normal  scrum,  the  scrum  allows  the  dye  to 
penetrate  The  combination  of  capsular  swelling 
i.Ad  dye  impregnation  is  (he  basis  of  the  Hiss 
siain.  Use  a  copper  sulfate  solution  instead  of 
water  to  wafch  Jhc  stain  from  the  slide,  as  water 
tends  to  act  as  a  decolojizcr. 

12-28.  Spore  staining:  Spores  arc  developed  in 
Clostridium  and  Bacillus  species  as  a  means  of 
survival  during  unfavorable  environmental  condi- 
tions. In  the  laboratory,  spores  may  form  during 
routine  culturing,  and  the.  presence  of  these  bodies, 
is  a  clear  indication  that  you  are  dealing  with  one 


or  the  other  of  these  genera.  The  bacterial  spore 
is  characterized  by  three  distinct  properties  of  in- 
terest to  you  in  staining:  (1)  a  high  degree  of 
heat  resistance,  (2)  resistance  to  penetration  by 
dyes,  and  (3)  highly  refractile  when  viewed  mi- 
croscopically. These  properties  account,  for  the 
clear  "hole*  vqu  sec  while  examining \sporcform- 
ers  stained -with- the  Gram  stain,  methylene  blue, 
or  similar  stains.  The  spores  appear  colorless  with 
these  stains,  so  in  order  to  study  a  spore  in  detail, 
it  is  necessary  to  alter  at  least  one  of  the  three 
properties  mentioned  above.  The  Wirtz-Conklin 
SRorc  stain  is  typical  of  the  techniques  available 
to-  ^:ou.  Using  this  technique,  you  must  steam 
the  dye-covered  smear  for  a  brief  period,  utilising 
the  heat  to  drive  the  dye  into  the  sppre  coal. 
Once  the  spore  is  stained,  the  dye  is  retained  dur- 
ing rinsing,  and  the  vegetative  cell  is  then  coun- 
terstained  with  a  dye  of  contrasting  color. 

12-29.  Wcf  Unstained  Preparations.  Occasion- 
ally; the  microscopic  examination  of  wet.  un- 
stained preparation^  can  ^  aid- bacterial  identifica- 
tion by  revealing  whether  or  not  the  organisms 
possess  flagella.  The  most  commonly.,  used 
method  is  the  hanging  drop  to  detect  motility  of 
living  bacteria,  in  pure  citfeure.  The  technique  for 
preparation  and  microscopic  observation  of  hang- 
ing drop  mounts  i$  illustrated  in  Figure  41.  De- 
posit a  drop  of  hroth  culture  containing  the  veils 
on  a  coverslip  and  invert  it  over  a  depression 
slide.  You  can  sec  flagellar  motion  as  directional 
movement  of  ^dividual  cells.  Do  not,  confuse  mo- 
tility with  Bro.wniah  moveilicnt^wliich  is  a  vibra- 
tory type  of  motion  of  the  bacterial  cells  due  to 
molecular  bombardment.  An  alternate  mcthotj  is 
to  use  a  plain  glass\slide  and  a  vaseline  "ringed" 
coverslip  'inverted  over  it.  Although  niit.'^gcKxl 
as  the  hanging  drop  technique  because  of  lin;.- . 
itcd  space  between  sltdc^ind  ^Werslip.  .this 
method  offers  a  quick  way  of  examining  bacteriai 
growth'  when  th?  eoncave  depression  slide  is  not  J 
available.  *  .  & 


CHAPTER  5 


Antimicrobial  Agents,  Drug  Resistance,  and 

Sensitivity  Testing 


IN  CHAPTER  2  of  this  volume  you  studied 
some  of  the  principles  of  disinfection  and 
sterilization.  You  learned  that  microbes  arc  sus- 
ceptible to  a  vvidA  variety  of  chemical  compounds 
commonly  rc^rrejj  to  as  "antiseptics"  and  disin- 
fectants or  "germicides."  You  also  found  that 
phyMcnl  energy  in  the  form  of  heal  and  radiation 
can  be  used  to  decontaminate  materials  in  our 
environment  which^harbor  pathogenic  microor- 
ganisms. . 

2.  Rut  when  we  attend  to  counter  the  patho- 
genicity of  bacteria  wjtfhn  the  human  body,  the 
choice  of  uniimicrohjhl  agents  is  severely .  re- 
stricted. It  is  a  biological  fact  that  life  processes 
in  bacteria  and  man  tire  so  similar  at  the  cellular 
level  that  most  physical  and  chemical  agents  po- 
tent enough  to  destroy  a  bacterium  inside  the  . 
body  ^are  also  toxic  to  „thc  human  host.  It  is 
not  surprising,  therefore*,  that  until  recent  years 
few  drugs  (chemotherapeutic  agents)  were  avail- 
able to  combat  b  deep-seated  infections  in  man 
safely  and  effectively. 

3.  With  the  discovery  of  a- hitherto  unrecog- 
nized class  of  biological  substances,  the  antibiot- 
ics, an  array  of  new  therapeutic  weapons  became 
available  to  the  physician.  In  this  chapter  we  will 
show,  how  representative  antimicrobial  agents  act 
against  bacteria. Wind  examine  some  of  the  resist- 
ance mechanisms  displayed  by'  microorganisms. 
'ftAVith  that  information*  as  background,  we  wilt^go 
ion  to  discuss  the  laboratory  procedures  per- 
formed by  the  bacteriologist  to  assess  j  he  effec- 
tiveness op  antibiotic  therapy. 

13.  Antimicrobial  Agents 

-  13-1.  For  our  purposes,  the  term  "antimicro- 
bial agent"  embraces  an  assortment  of  therapeutic 
organic  chemicals,  including  substances  synthe- 
sized in  the  laboratory  and  those  derived  from 
living  organisms.  The  widely  prescribed  sulfona- 
mides "typify  drugs  of  the  synthetic  group. '  By 


common  usage  the  term  "antibiotic"  is  reserved 
for  chemical  substances  produced  by  living  • 
forms — compounds  like  the  penicillins — which  in 
low  concentration  suppress  the  growth  of  mi- 
crobes, or  actually  till  them  outright.*  But  since 
the  underlying  principle  of  sensitivity  testing  and 
assay  is  identical  for  most  synthetic  and  naturally 
occuring  chemotherapeutic  agents,  we  will  no^  em- 
phasize differences^  the  source  of  the  drug.  We  < 
will  exclude  those  antiseptic  and  germicidal  com- 
pounds mentioned  in  Chapter  2  that  are  limited 
by  toxicity  to  topical  application  or  to  disinfection 
of  inanimate  objects.  ^ 

13-2.  Historical  Review.,  Yhe  history  of  man's 
search  for  antimicrobial  substances  is  shrouded  m. 
antiquity.  It  has  been  said  that  the  ancient  Egyp- 
tians used  a  variety  of  mejdicinul  plants  which  we 
now  realize  contain  bacteriostatic  or  bactericidal 
constituents.  A  Roman  Army  surgeon,  Pedanios 
Diiscorjdes,  took  advantage  of  his  travels  to  com- 
pile .information  on  the  curative  properties  of 
plant  extracts.  His  compilation,  Materia  Medico. 
was  used  as  a  textbook  for  centuries,  and  a  suc- 
cessor compendium  by  the  same  title  is:  still  in 
use  todaV. 

13-3.  Therapy  of  infectious  disease  remained 
in  its  infancy,  however,  until  the  investigations  of 
PaurEhrlich  demonstrated  in  1910  the  selective 
toxicity  of  organic  arsenicals  for  the  spirochetes 
of  syphilis.  Ehrlich  was  convinced  that  the  science 
of  chemistry  could  provide  a  "magic  bullet"  that 
would  destroy  the  pathogen  without  damaging 
the  tissues  of  the  human  host.  His  successful  stud- 
ies opened  the  door  to  today's  continuing:  search 
for  new  chemical  substances  combining  the  prop- 
t  erties  of  low  toxicity  for  humans  and  a  high 
degree  of  bactericidal  action  against  specific  patho-  I 
gens.  Progress  in  discovering  effective  chemother- 
apeutic agents  was  slow,  nonetheless.  Not  until 
1935,  when  Domagk  described  the  sulfonamides, 
was  there  available  a  potent  antibacteriaf  \igcnf| 


against  the  common  Gram-positive  and  Gram- 
negative  cocci  and  enteric  organisms. 

13-4.  The  era  of  jthc  antibiotics  as  ^antimicro- 
bial substances  came  even  more  slowly.  Louis 
Pasteur  in  the  19th  century  reportedly  observed 
inhibition  of  the  anthrax  bacillus  in  mixed  culture 
with  other  bacteria,  but  it  was  Vuillemin  in  iS89 
who  introduced  the  term  "•antibiosis"  to  denote 
antagonistic  interactions  between  living  organisms. 
A  milestone  was  reached  in  i 929  when  Sir  Alex- 
ander Fleming  detected  the  lytic  effect  on 
staphylococci  of  a  substance  produced  by  a  com- 
mon mold,  Penicillium  notation. 

13-5.  Several  years  later  this  substance  was 
identified  as  crude  penicillin,  the  forerunner  of 
several  closely  related  compounds  which  are  now 
modified  synthetically  to  enhance  their  lethality 
for  bacteria.  The  discovery  of  penicillin  prompted 
a  systematic  screening  of  soil  bacteria,  fungi,  al- 
gae, and  even  the  higher  plants  for  other  antibi- 
otics. Examples  of  weIl*known  successes  1  are 
streptomycin  (1944),  chloramphenicol,  and  poly- 
mixin  (1947),  aureomycin  (1948),  and  additional 
Denicillins,  tetracyclines,  and  erythromycin  in  the 
1950s.  The  organic,  chemist  also  made  several 
important  contributions  during  the  same  period,  as 
drugs  such  as  p-aminosalicylic"  acid  and  isonico- 
tinic  acid  hydrazide  (isoniazid),  useful  in  treating 
tuberculosis,  were  synthesized  in  the  laboratory.11 

*  13-6.  General  Characteristics.  The  search  for 
new  drugs  continues,  as  science  seeks  substances 
active  against  viruses,  pathogenic  fungi,  protozoan 
infections,  and  bacteria  resistant  to  currently* 
available  antibiotics.  Most  of  the  natural  -anti- 
bacterial agents  of  low  toxicity  have  been  iso- 
lated from  species  of  Actinomyces  and  Strepto- 
■riyceSi  plus  a  few  genera  of  the  Fungi  Tmperfccti 
(asexual  fungi),  e.g.,  Penicillium  and  Aspergil- 
lus. Many  other  soil  species  produce  antibiotics, 
however,  and-  thousands  ^of  cultures  have  been 
screened  in  an  effort  to  find  prodlicts  possessing 
selective  toxicity  f&  pathogens. 

13-7.  As  one  might  judge  from  the  variety  of 
microorganisms  that  produce  antibiotics,  there  is 
no  single  molecular  configuration  common  to  all 
antimicrobial  agents.  We  might  also  expect,  then, 
ro  find  differences  in  the  manner,  in  which  a  given 
pathogen  is  affected  by  the  various  agents,  and 
this  turns  out  to  be  the  case.  If  we  group  anti- 
microbial substances  in  terms  of  their  effect  on 


■'This  short  historical  review  was  based  on  more  extensive 
information  jiivcn  by  Loyd  W.  Hcdgecock  in  Antimicrobial  Agents, 
No.  J  in  Medical  Technology  Series.  1967.  Lea  and  Fcbiucr. 
Philadelphia,  pp.  2-4,  l3fl-40;  and  by  Sir  Graham  WHson  and 
A.  A.  Miles  in  Toojev  and  Wilson's  Principles  of  Bacteriology 
,t;ul  Immunity,  fifihwediiibn.  Vol.  I.  1964,  Williams  and  Wflkihs 
Co..  Baltimore,  pp.  173-217. 


cell  "functions;  five  major  categories  can  he  recog- 
nized.11 There  are  agents  which  disrupt: 

•  Cell  wall  formation. 

•  Cytoplasmic  membrane  function. 

•  Protein  synthesis. 

•  .  Nucleic  acid  metabolism. 

•  Intermediary  metabolism. 

*  * 

13-8.  It  will  become  apparent  later  in  our  dis- 
cussion of  the  mechanism  of  action  of  represent- 
ative drugs  that  tjWo  antibiotics  may  differ  radi- 
cally in  the  way  they  interfere  with  cellular 
activities  at  the  molecular  jcvel.  However,  the 
net  result  of  the  interaction  between  agent  and 
cell  component  can  generally  be  seen  in  the  Inter- 
ruption of  one  or  more  of  the  vital  functions  listed 
above. 

13-9.  Antimicrobial  substances  are  usually 
characterized  as  either  bacteriostatic  or  bacterid- 
dot,  although  some  of^them^possess  both  b;tctci  to- 
static  (inhibitory)  ynd  bactericidal  (lethal)  prop- 
erties, depending  upon  drug  concentration  and  the 
type  of  bacterial  pathogen  involved.  This  differ- 
ence in  effect  is  understandable' if  we*  examine 
the  nature  of  the  ceil  function  that  is  altered.  For 
instance,  an  agent  is  clearly  bactericidal  if  its  ac- 
tion so  w&ikens  the  main  supporting  structure— 
the  cell  wall— -that  the  high  internal  osmotic  pres- 
sure of  the  cytoplasm  causes  lysis  of  the  cell.  On 
the  other  hand*  a  drug  that  upsets  nucleic  acid 
synthesis  may  prevent  the  eel  from  .reproducing 
evOn  though  the  functions  of  .respiration  and 
growth  remain  intact:  The^cnd  result  of  this  in- 
hibitory, or  bacteriostatic,  efftet  is  that  mulliRji- 
fcation  of  the  pathogen  is  suppressed,  and  the  nat- 
ural defenses  of  the  hjjst  are  given  an  opportunity 
to  overcome  the  infection. 

13-10*  The  capacity  to  interfere  in  fundamen- 
tal cell  processes  has  given  the  antimicrobial 
agents  a  usefulness  that  extends  beyond  their  pri- 
mary value  in  treating  disease.  These  agents  are 
not  only  helpful  in  the  laboratory,  but  they  ane 
economically  important  to  industry  as  well.7  They 
can  be  used; 

•  As  selective  inhibitors  in  culture  media. 

•  In   classifying  bacteria   taxonomically  on 
the  basis  of  drug  susceptibility. 

•  In  preventing  contamination  of  tissue*  cul- 
tures. 

•  For  preserving  refrigerated  weals  and  other 
foods. 

•  As  food  additives  to  stimulate  growth  of  liVer 
stock  for  meat  production. 

The  stimulatory  0effect  on  weight  gain  in  live- 


41  flednccnck.V  development  of  this  classification,  the  previously 
referenced  Antimtcmhiut  Avvntx.  w;is  based  tin  a  concept  proposed 
ny  D.S.  Ferinyold  in  \Vu-  England  Journal  al  Mtdicine,  269:V0<v 

7  WtKon  and  Miles,  np.  cit..  p;  175. 
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•ThYee  amino  acid  molecules  combine  to  form 
a  polypeptide  chain.  .  "R"  indicates  the 
remainder  of  the  amino  acid  molecule  not 
shown* in  the  drawing. 


Fiiuire  42.    Illustration  of  peptide  linkage. 

stock  is  not  well  understood,  but  the  other  uses 
stem  directly  from  the  same  suppressive  or  lethal 
action  displayed  by  the  antimicrobial  agents  in 
combating  disease  in  humans. 

14.  .Mode  of  Drug  Action 

14-1.  Beginning  with  the  bacterial  cell-  wall 
and  proceeding  deeper  into  the  cell,  ue  will  follow 
the  functional  classification  of  antimicrobial  agents 
set  forth  above  to  show  how  Representative  chem- 
otherapeutic  drugs  react  at  the  molecular  level.  I* 

14-2.  The  Cell  Wall.  The  bacterial  cell  wall  is 
a  complex  structure  containing  various  combina- 
tions of  lipids,  carbohydrates,  and  proteins.  But 
chemical  substances  known  as  nutcopeptides  com- 
prise the  main  building  blocks  from  which  the 
cell  wall  is  constructed.  Each  building  block  is 
fashioned  from  long  ehains  of  a  polysaccharide 
held  in  place  by  cross  links  formed  by,  amino 
acids.   A  polysaccharide  is  a  form  of  carbohy- 


-iljri  fsntai  th.nns  represent  the.  polysaccharide 
; opponent. 

.ertic.il  1ihk>  arc  forr.t-U  hv  polypeptides. 


Figure  43.    Sketch  of  mucopeptide  unit. 


Figure  44,    Structural  formulas  of  cycl6serine  and 
alanine. 

dratc  cpntaining  four  or  more  molecules  of  the 
simple  sugars  or  their  derivatives. 

14-3,  You  will  recall  that  amino  acids  (the 
main  constituents  of  protein)  are  carbon  com- 
pounds having  at  least  one  free  amino  (NHj) 
group  and  one   or   more  carboxyl  (COOH) 
groups.  The  amino  acids  that  keep  the  polysac- 
charide chains  in  proper  position  arc  themselves 
bound  together  by  a  so-called  "'peptide  linkage" 
in  which  the  NH-  group  of  one  amino  acid  com- 
bines with  the  COOH  group  of  another,  as  shown' 
in  figure  42.  The  union  of  two  amino  acids  yield.; 
a  peptide,  and  a  molecule  formed  by  several  pep-' 
tides  is  called  a  polypeptide.   Wc  can  thus  vis- 
ualize the  mucopeptide  building  block, of  the  cell 
wall  as  a  lattice-like  structure  in  which  parallel 
strands  of  polysaccharide  arc  held  in  their  respec- 
tive positions  by  lateral  bridges  formed  between 
the  strands  by  the  polypeptides.  This  structure  is 
illustrated  in  figure  43. 

14-4.  The  rigid  cell  wall  gives  shape  to  the 
bacterium,  protects  the  cell  from  mechanical  in- 
jury, and  provides  structural  support  for  the  un- 
derlying cytoplasmic  (protoplast)  membrane 
which  regulates  the  flow  of  nutrients  into  and  out 
of  the  cell.  Because  of  the  great  difference  in  th*: 
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Figure  45.    Structural  formula  of  penicillins. 
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*     Furadant  in 


The  side  chains  on  the  nitro  furan 
ring  nucleus  give  the  compounds  their 
antimicrobial  specificfty. 

Figure  46.    Structural  formula  of  nitrofuran  compounds. 

concentration^  of  solutes  within  the  cell  (as  op- 
posed to  the~external  medium)1,  the  osmotic  pre^- 
strc  inside  the  cytoplasmic*  membrane  is  high. 
Without  an  intact  eel!  wall,  the  membrane  cannot 
maintainfflhc  proper  osmotic  relationship  for  nor- 
mal funjipiing.  As  wl;  pointed  out  in  our  dis- 
cussion of  a  bactericidal  agent  (paragraph  13-9), 
the  pressure  differential  may  also  lead  to  lysis  and 
death  of  the  cell.  *  \ 

»"  14-5.  There  are  several  antimicrobial  agents 
that  in  one  way  or  another  adversely  affect  the 
cell  wall.  We  will  talk  about  bacitracin  produced 
,by  Bacillus  lichenifonnis,  cycloserine  (Strepio- ' 
myces  spp.)t  the  penicillins  (Penicillium  spp.), 
and  the  synthetic  nitrofuran  compounds.        r  \y 

14-6.  Bacitracin.  This  agent,  a  mixture  of  poly- 
peptides, blocks  the  integration  of  mucopeptide 
units  into  the  wall  structure.  We  think  that  baci- 
tracin interferes  with  the  orderly  linking  of  the 
polypeptide  side  chains  that  bridge  the  polysac- 
charide strands.  %. 

14-7.  Cycloserine  (Oxqmycin).  This  antibi- 
otic, active  against  many  Gram-positive  and 
Gram-negative  microbes  including  the  tubercle 
bacillus,  is  structurally  similar  to  the  amino  acid, 
alanine.  (See  fig.  44.)  When  the  antibiotic  is 
present,  the  enzymes  that  control  synthesis  of 
the  peptide  component  randomly  select  a  mole- 
cule of  cycloserine  (a  "competitive  analog'*)  in- 
stead of  the \  natural  alanine.  The  antibiotic,* 
although  sufficiently  similar  to  alanine  to  engage  \ 
4he  enzyme,  cannot  be  fitted  into  the  peptide 
portion  of  the  building  block.  As  a  result,  the 
niucopepticfes  function  imperfectly  because  the 
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sequence  of  amino  acids  within  them  is  abnor- 
mal. 

14-8.  Penicillins.  There  are  several  different 
penicillins.  The  nucleus  common  to  all  'of  then 
is  a  cyclic  dipeptide  of  cystine  and  valine.'  Study 
figure  45.  Note  that  it  is  the  side  chain,  attached 
to  the  nucleus  at  the  point  ^R11  (radical)  in  the 
diagram,  that  gives  the  various  penicillins  their 
distinctive  actions  against  different  groups  of 
microorganisms.  Several  representative  side 
phains  are  shown  in  this  figure.  The  penicillins 
are  thought  to  affect  the  bacterial  cell  at  more 
than  one  site,  although  the  exact  nature  of  the 
reactions  is  still  not  clear.  Laboratory  experi- 
mentation has  disclosed  three  main  effects  on 
susceptible  organisms:  a  blocking  of  amino  acid 
uptake  from  the  external  environment;  inhibi- 
tion of  the  synthesis  of  certain  enzymes  by  the 
cell;  and  interference  with  cell  wall  formation. 
With  regard  to  the  cell  wall,  the  effect  is  believed 
to  be  either  anrf  interruption  of  the  process  in 
which  the  mucopeptide  building  block  is  fabri- 
cated from  its  component  parts,  or  disruption  of 
the  polypeptide  cross  links  between  the  strands 
of  polysaccharide  in  the  mucopeptide. 

•14-9.  Synthetic  nitrbfuratt  compounds.  Among 
the  bacteriostatic  ai&I  bactericidal  drugs  syn- 
thesized in  the  chemical  laboratory  are  the  nitro- 
furan compounds.  Figure  46  illustrates  these 
compounds  which  arc  useful  in  treating  urinary 
tract  infections  by  Gram-positive  and  Gram- 
negative  forms.  As  in  the  case  of  the  penicillins, 
there  seem  to  be  multiple  sites  of  drug  action 
that  is.  intracellular  enzyme  s> stems,  the  cyto- 
plasmic membrane,  and  the  cell  wall.  Because 
mucopeptide  precursors  (raw  'materials)',  ac- 
cumulate in  culture  media  containing  the  nitro- 
furans.  there  is  speculation  that  the  drugs  inhibit 
fabrication  of  the  mucopeptide  unit  in  its  finished 
form.  ' 

14-10.  The  Cytoplasmic  Mcrqbrane,  A  thin 
menjhrane  located  directly  beneath  the  cell  wall 
encases'  the  bacterial  protoplasm.  This  cytoplas- 
mic or  ps^toplast  membrane  provides  a  barrier 
against  the  indiscriminate  flow  of  fluids  and 
metabolites  into  .and  out  of  the  cell  and  main- 
tains  the  proper  interior  osmotic  pressure  for  life 
functions.  The  structure  houses  the  enzymes  that 
mediate  the  selective  transport  of  sugars,  amino 
acids,  and  essential  ions  across  the  membrane 
iftto  the  cell.  In  addition,  there  is  evidence  that 
the,  cytoplasmic  membrane  participates  in  the 
synthesis  of  other  structures,  such  as  the  cell  wall 
and  appendages^c.g..  flagella, 

14-11.  More  than  half  of  the  membrane  k 
protein  in  nature,  but  lipids  and  carbohydrates 
arc  present  in  significant  amounts  and  in  chemi- 
cally complex  molecular  arrangements.   The  ac- 
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This  union  causes  a  breakdown  in  the  membrane  s 
capacity  to  regulate  permeability,  and  cell  con- 
stituents diffuse  to  the  exterior. 

14-14.  Tyrothricin  is  a  mixture  of  cyclic  poly- 
peptides, labeled  gramicidins  and  tyrocidins. 
elaboratcd  by  Bacillus  brevis.  These  antibiotics 
interfere  with  the  energy-yielding  phosphate  re- 
actions that  are  necessary  to  cell  respiration.  Be- 
yond this,  the  polypeptide  agents  from  B.  hrevis 
exhibit  properties  similar  to  the  polymyxins  iu 
disrupting  .the  normal  control  of  permeability. 

14-15.  Protein  Synthesis.1  Before  we  learn  how 
antimicrobial  drugs  exert  their  effect  on  baiteriai 
protein  synthesis,  we  should  review  briefly  the 
major  steps  in  the  manufacture  of  protein  by  the 
cell.  These  steps  are  carried  out  by  ribonucleic 
acid  (RNA)  components  acting  under  the  genetic 
influence  of  deoxyribonucleic  acid  (DNA)  found 
in  the  nuclear  portion  of  the  cell-  * 

14-16.  Actually,  we  are  concerned  here  with 
three  distinct  forms  of  ribonucleic  acid: 
1   Km  Ribosomal  RNA.  j 

•  Soluble  RNA.        fc  % 

•  Messencer  RNA.  ^ 


Figure  47.    Compounds  effect  in  11  protein  synthesis. 

tioii  o.f  antimicrobial  ajzents  is  generally  mani- 
fested in  one  of  two  ways.  First,  combining  of 
tne  agent  with  a  vital  component  of  the  mem- 
brane can  impair  the  truiisport  of  materials  into 
or  nut  uf  jhc;  cell.  Secondly,  the  union  of  <ugcnt 
aiiu  membrane  can  result  in  a  loss  of*  selective 
permeability  so  that  essential  constituents^ieach" 
out  .of  ^he  cell  into  the  exterior  environment. 

14-12.  Several  antimicrobial  agents  active 
against  the  pathogenic  fungi  (but  not  against  bac- 
terial pathogens)  owe  their  effect  specifically  to 
a  joining  of  the  agent  with  sterofcomponents  'of 
the  cytoplasmic  membrane.  Bacteria  are  resistant 
because  they  lack  the  sterols  (cyclic  alcohols) 
with  which  the  antibiotics  combine.  Amphoteri- 
cin B  ($frepfomyces  nodusus),  filrpin  (Strepto- 
myces  filipmensis).  and  nystatin  (Streptomyces 
noursei)  are  members  of  this^group  of  antifungal 
substances  whose  action  disorganizes  membrane 
permeability  and  ^permits,  vital  intracellular  ele- 
m£trf*  to  be  lost. 

14-13.  Among  the  antibacterial  jdrugs  affect- 
ing the  cytoplasmic  membrane  areVthe  polypep- 
tides polymyxin  and  t\  rothricin..  Bacillus  poly- 
nixxa  produces  several  polymyxins.  each 
differing  in  amino  itcid  content,  but  the  basic 
molecular  configuration  is  the  same.  The  poly- 
myxins apparently  form  a  complex  with  phos- 
pholipids of  the  lipoprotein  present  in  the  cyto- 
plasmic membrane  of  Gram-negative  organisms. 


14-17.  Ribosomal  RNA.  The  preponderance 
of  the  RNA  o<pcurs  in  tho  ribosomes.  which  are 
free  particles,  or  aggregates  of  particles  (poly- 
ribosomes), tfiat  eombinc^i^Iividual  amino  acids 
into  peptides,  the  building  blocks  "of  the  new 
protein.  The  ribosomes  can  be  looked  upon*the*i 
as  the  cell's  manufacturing  plant  for  protein.  ' 

H4-18Y  Soluble  R$ A  (sRNA).  This  constitutes 
10  percent  or  less  of  the  total  RNA.  Soluble 
RNAfmoIecules  select  specific  amino  acids  from 
the  ^%racellular  pool  of  these  compounds  ana 
deliver  them  to  the  ribosomes  for  fabrication* 
into  protein.  Soluble  RNA  thus  performs  a  trans- 
port function  between  raw  materials  and  the  pro* 
tein  manufacturing  site  of  the  cell. 

14-19,  Messenger  RNA  (mRNA).  Messen- 
ger RNA  which  comprises  the  remaining  small 
fraction  of  the  total  RNA,  can  be  pictured  in  the 
role  of  the  plant  production  chief,  since  mRNA 
transmits  from  the  nuclear  DNA  (the*1  plant 
manager)  to  the  ribosome  instructions  on  tne 
makeup  of  the  new  protein,  that  is  ta  be  synthe- 
sized. This  mRNA  information,  or  genetic  code 
is  read  "by  the  ribosome  as  the  latter  links  to- 
gether in  proper  sequence  the  amino  acid  mole- 
cules supplied  by  sRNA. 

14-20.  The  intricate  process  of  protein  syn- 
thelfc.  greatly  simplified  here  for  our  purposes, 
*.can  be  disrupted  at  many  points  in  the  chairyof 
events.  First,  there  are  antimicrobial  agents  that 
in  therapeutic  concentration  cause  destruction  or 
gross  impairment  of  major  systems  in  the  ceif! 


87 


113 


t 


C2H5 


Figure  48.    Structural  formula  for  nalidixic  acid. 

For  instance,  exposure  to  streptomycin  (Strep- 
tomyces  griseus)  results  in  a  general  breakdown 
of  DNA.  while  ribosomes  formed  in  the  presence 
of  chloramphenicol  (Streptomyces  venezuelae) 
are'  intact.  _but  so  structurally  disorganized  that 
the  protein  they  synthesize  is  imperfect  and  non- 
functional. 

14-21.  Usually,  however,  you  will  find  that 
•the  adverse  effect  of  the  agent  is 'more  subtle. 
P.  is  apt  to  be  focused  on  one  of  the  reactions 
carried  out  by  components  of  the  sRNA — ribo- 
some — mRNA  complex  as  they  actively  produce 
new  protein.  In  the  next  paragraph  we  will  show 
some  examples  of  postulated  mechanisms  that 
may  account  for  the  action  of  antimicrobial 
agents  in  protein  synthesis\/rhese  assumptions 
are  based  on  research  conducted  with  a  variety  of 
experimental  systems. 

14-22.  Lincomycin  from  Streptomyces  //«- 
colnensis  is  believed  to  interfere  with  the  activa- 
tion or  transfer  of  amino  acids  from  the  pool  of 
these  raw  materials.  Chloramphenicol  and  the 
tetracyclines,- as  shown  in  figure  47,  apparently 
block  the.  release  of  amino  acids  from  the  carrier, 
sRNA,  to  the  ribosome.  Similarly,  by  conjoining 
with  the  ribosome  at  one  sp'ecific  point  on  that 
organ,  erythromycin  (Streptomyces  erythreus) 
blocks  the  attachment  of  the  incoming  sRNA 
molecule  and  its  amino  acid.  Streptomycin  binds 
the  ribosome  at  still  another  point  to  retard  the 
attachment  or  movement  of  the  mRNA  molecule. 
T'l  this  instance  the  result  is  a  misreading  of  th§ 
genetic  '  code  for  the  makeup- of  the  protein  that 
i?  manufactured  on  the  ribosome.  In  the  final 
seage^of  protein  synthesis,  cycloheximide  (Strep- 
toniyces  griseus),  also  shown  in  figure  47.  and 
puronjycin  (Streptomyces  alhoniger)  in  some  way 
prevent  the  correct  placement  of  amino  acids  in 
their  respective  positions  in  the  developing  pep- 
tide .molecule.  '  *      '  ' 

14-23.  Nucleic  Acid  Metabolism.  Although 
many  compounds  have  been  discovered  that  up- 
set functions  in  the  nuclear  elements  of  the  mi- 
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crobial  cell,  few  arc  suitable  for  therapeutic  pur- 
poses. Nucleic  acid  metabolism  in  all  species  is 
so  similar  that,  an  agent  toxic  to  one  form  is 
generally  poisonous  to  all.  Little  is  known  about 
the  exact  mode  of  action  of  drugs  in  this  group, 
.hut  we  will  mention  two  typical  examples. 

14-24.  The  actinomveins  produced  by  Strep- 
tomyces dntihioticus  slow  down  RNA  synthesis  in 
the  cell.  We  believe  that  the  antibiotics  bind  the 
DNA  of  the  nucleus  at  ;i  location  which  obstructs 
the  activity  of  RN A  polymerases.  These  are  the 
cmwmes  that  put  together:  RNA  molecules  in 
accordance  with  genetic  instructions  from  the 
DN/A  Nalidixic  acid,  shown  in  figure  48.  is  a 
synthetic  drug  useful  in  treating  urinary  tract 
infections  by  Gram-negative  rods.  The  antimicro- 
bial agent  inhibits  DNA  synthesis  which,  in  titfn. 
^retards  the  production  of  RNA  and  protein.  The 
specific  nature  of  the  bactericidal  reaction  has 
not  yet  been  determined. 

14-25.  Intermediary  Metabolism.  We  can  use 
this  term  in  its  broadest  context  to  include  the 
energy-yielding -sijiuctions  taking  place  in  the  cell 
(respiration),  the  breakdown  of  complex  nutri- 
ents to  simplified  usable  form  (catabolism)  and 
the. buildup  of  cell  constituents  from  these  simpler 
substances  (anabolism ).  Para-amino  salicylic 
acid  (PAS),  active  only  against  the  mycobac^ 
texia.  and  the  sulfonamides,  useful  in  treating 
infections  caused  by  the  cocci- and  the  Gram- 
negative  rod  forms,  exemplify  drugs  that  derange 
metabolic  patterns  in  the  bacterial  cell, 

14-26.  feoth  of  the  above  drugs  are  involved 
in  para-aminobenzoic  acid  rPABA)  metabolism, 
although  the  inhibitory  mechanism  is  probably 
not  identical.  PABA  is  an  essential  metabolite 
(required  for  growth)  for  several  genera  of  or- 
ganisms! In  still  others,  it  forms  a  part  of  the 
folic  acid  molecule.  Folic  acid  is  n  growth  factor 
associated  with  coenzymes  that  assist  in  transfer- 
ring single  carbon  units.   v.         \  -* 

14-27.  In  figure  49  note  the  structural  resem- 
blance of -PABA.  PAS.  and  the  sulfonamides. 
We  can  look  upon  PAS  and  the  sulfonamides 
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Figure  49.    Strucrtinil  formula  for  PAR.  PAS. 
sulfanilamide. 


as  "pscudomctabolitcs"  or  "competitive  analogs  ^ 
which  the  cell  mistakenly  builds  into  various 
moiccular  structures  that  require  PABA  for  nor- 
mal functioning.  The  result  is  a  blocking  of  meta- 
bolic pathways  when  the  faulty  molecules  enter 
intercellular  reactions.    •   m 

15.  Mechanism  of  Antibiotic  Resistance 

*  15-1.  Soon  after  penicillin  came  into  wide 
usage  in  the  1940s,  it  was  recognized 'that  some 
strains  of  Staphylococcus  aureus  were  developing 
resistance  to  drug  concentrations  that  were  form- 
erly lcthaLJi^sistance  was  attributed  to  produc- 
tion of  a/^nzyrhe.  "penicillinase."  that  degraded 
the  pemcillin  molecule  into  harmless  fragments. 
The  fua  extent  of  the  problem  of  drug  resistance* 
•.vas  not  realized,  however,  until  research  in  the 
1950s- and  early  1960s  uncovered  the  existence 
of  resistance  factors  that  arc  transmissible  be- 
tween microbes.  J- 

15-2.  In  1955.  an  outbreak  of  Shigella  infec- 
tions in  Japan  yielded  cultures  that  were  resistant 
to  four  different  drugs:  chloramphenicol,  tetra- 
cycline, streptomycin,  and  the  sulfonamides.  It 
has  since  been  shown  that  drug  tolerance  can  be 
transferred  among  several  medically  important 
species,  including  Salmonella  and  Shigella  species. 
Escherichia  coli.  Vibrio  cholera,  and  Pasteurella 
penis.  Resistance  has  been  found  in  a  single 
organism  to  as  many  as  seven  of  the  commonly 
employed  antimicrobial  agents."  It  is  becoming 
increasingly  important,  therefore,  io  understand 
the  gendue  and  cellular  mechanisms  that  account 
for  enl/mceu  tolerance  to  therapeutic  agents.  . 

15- J.  Genetic  Basis  of  Resistance,  We  can  dis- 
tinguish two.  and  possibly  three,  mechanisms 
whereby  cells  acquire  drug  resistance;  but  there 
are  no  indications  that  all  of  these  are  available  to 
af^fCcn  bacterial  spec^.  One  postulated  mecha- 
nism, a  npngenetic  variation  or  "physiological 

*  adaptation"  will  be  discussed  later  in  this  section. 
The  other  two  mechanisms,  i-.c.  spontaneous  mu- 
tation within  a  single  cell  and^the  exchange  of 

"  genetic  material  between  cells,  have  a.  genetic 
basis.  Wt»  finow  that  mutants  arise  naturally"  in 
bacterial  cultures  with  a  tYcque^y*  that  can  be 
predicted  accurately  in  many  eases.  For  example, 
resistance  to.  isoniazid  reportedly  occurs  in  ap- 
proximately one  cell  of  each  million  progeny  of 
a  single  sensitive  tubercle  bacilli^.  It  is  now 
recognized  that  mutation  to  drug"  tolerance  is  a 
normal  characteristic  of  the  geifcs  in4nany  patho- 
genic bacterial  species. 

15-4.  The  exchange  of  genetic  material  be- 

-  \  m.'U'/^mplcte  .report  of  i tit-  cuthr.uk  in  }fctncll.  Elint>r 
■,  <•  \U\neU.  .mil  N'.iorni  O.itta.  ■•IMnto-jcnciic  Relationships 
.1  Oriit-  KcM-unicc  Kkuh*  and  other  I 'r.in*miv.ib1c  Bacterial 
PLwmuV  Boxt.  R'vi.  Vol.  ?.  No.  [.  March  196S.  pp.  55-83. 


tween  cells  of  the  same  or  closely  related  species 
can  take  three  forms: 
(T)  Transformation. 

(2)  Transduction. 

(3)  Conjugation.  ^ 

15-5.  Transformation.  Transformation  is  the 
uptake  by  one  cell  of  nuclear  elements  (genes) 
derived  from  another  cell.  The  jiewly  incorpo- 
rated factor  for  drug  tolerance* "imparts  a  cor- 
responding resistance  to  the  recipient  cell.  Trans- 
formation is.  demonstrated  experimentally  by 
adding  DNA  extracted  from  resistant  microbes 
to  growing  cultures  of  drug-susceptible  cells.  The 
extent  to  which  this  transfer  mechanism  may 
takp  place  under  natural  circumstances  has  not 
been  detrfmined  with  certainty. 

15-6.  Transduction.  This  exchange  is  a  trans- 
fer of  genetic  material  mediated  by  bacterio- 
phages, the  virus  particles  that  parasitize  many 
•species  of  bacteria.  During  infection  of  the  bac-  ■ 
terium  with'  certaip  so-called  lysogenic  phages, 
the  host's  drug-resistance  factor  is  incorporated 
into  the  nuclear  structure  of  the  replicating 
viruses.  Upon  release  from  the  baetcrial  cell, 
these  newly  formed  viruses  invade  other  celh 
and  deposit  the  genes  that  confer  resistance.  & 

15-7.  Conjugation.    The  aforementioned  out- 
break of  Shigellosis  in  Japan  led  to  unsuspected 
findings  on  the  sexual  cycle  in  genera  of  the 
enteric  organisms.    In  a  fashion  comparable  to 
mating  in  higher  forms  of  life,  male  and  female 
strains  undergo  conjugation,  a  process  in  which 
genetic  material  is  passed  during?  direct  cell  con- 
Tact.  If  one  cell  is  drug  resistances  trait  can  be 
passed  along  to  the  partner.  The  rfe^pient  can  in 
turn  transfer  the  resistance  characterise  (R)  co 
another  microorganism.  The  R  factorVis  an  ag- 
gregation of  gene^  closely  associated  with — ?nd 
dependent   upon — another  gene  .complex  vari- 
.  ouslywrferred  to  as  the  ^resistance  transfer  fac- 
tor.** He  "fertility  factor."  or  the  "sex  factor." 
This  transfer  factor  bestows  the  ability  to  con- 
jugate and  to  transfer  the  R  factor  during  the 
period  of  physical  contact  between  cells.  Recent 
work  gives  evidence  that  the  R  factor  can  also  be 
transmitted  by  bacteriophage. 

15-8.  Cellular  Mechanisms.  Wc  don't  know 
how  possession  of  the  R  factor  enables  a  bacturT  - 
ium  to  tolerate  concentrations  of  an  antimicrobial 
agent  that  woul^  prqve  lethal  to  o{he'r  members 
^of  the  same  species.  Speculation  centers  on  re- 
strictive permeability  of  the  cell  wallMo  the  drug.^ 
production  of  enzymes  that  inactivate,  the  agent, 
resistant  ribosomes.  and  other  physiological  de- 
fenses. We  do  know,  however,  that  drug  toler- 
ance in  many  species  is  at  least  partly,  and  per- 
haps exclusively,  under  genetic  control. 
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Figure  50.    Dilution  method  of  sensitivity  testing. 
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15-9.  A  third  mechanism  was  mentioned  ear- 
lier for  acquiring  resistance,  i.e.,  nongenetic  varia- 
tion or  .  "physiological  adaptation"  to  increased 
concentrations  of  a  drug.  There  is  support  among 
some  investigators  for  the  concept  that  bacteria 
under  certain  circumstances  can  adjust  their 
metabolic  pathways  or  their  complement  of  en- 
zymes to  compensate  for  the  effect  of  harmful 
agents  in  the  environment.  This  compensatory 
mechanism  presumably  operates  without  gens 
mutation  and  in  the  absence  of  phage  transduc- 
tion or  conjugation. 

15-10. .At  present  our  knowledge  is  limited 
pertaining  to  the  specific  reactions  that  take  place 
when  a- resistant  cell  encounters  a  molecule  of 
an  antimicrobial  agent.  *  However,  one  or  more 
of  the  following  cellular  states  maV  play  a  part 
in  conferring  resistance,  irrespective  of  whether 
drug  tolerance  in  any  givfcn  case  has  a  genetic 
or  an  adaptive- basis." 

a.  Decreased  penetration  of  the  agent  into  the 
cell-. 

b.  Increased  destruction  of  the  antimicrobial 
agent  or  its  conversion  to  an  inactive  form  (typi- 
cal of  the  penicillinase  enzymes). 

c.  Greater   production   of   w   metabolite  or 
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growth  factor  with  which  the  drug  (as  a  struc? 
tural  analog)  competes. 

d.  Increased  production  of  the  enzyme  that 
jjscs   this   metabolite    (a  higher  concentration 
would  bJfc  required  to  tie  up  all  the  enzyme  mole- 
cules). 

e.  .An  alternate  pathway  that  .doesn't  require 
the  metabolite. 

16*  Determination  of  Bacterial  Sensitivity 

•16-1.  In  the  laboratory,  you  will  perform  sen- 
sitivity, or  susceptibility,  tests  in  order  to  predict 
.  tr;e  probable  response  of  an  infectious  organism 
to  drug  therapy.  The  physician  relies  on.  the  test 
to  help  him  select  an  antibiotic  for  initial  treat- 
ment; and*  later,  to  detect  the  development  of 
microbial  resistance  to  that  antibiotic  during  the 
course  of  the  disease.  As  a,  further  aid,  as  a 
laboratory  technicran.  vou  can  use  sensitivity  tests 
to  measure  the  potency  of  a  drug  and  to  deter- 
mine the  'concent ration  of  an  antimicrobial  agent 
in  selected  tjssucs  or  body  fluids, 

16-2.  In  principle,  the  sensitivity  test  is  sim- 
ple. You  cultivate  an  organism  in  eitherjjiqtri3  . 
or A  solid  ■medium*  containing  an  antirriicrobial 
agent.  After  incubation,  observe,  the  culture  for 
the  presence  or  absence  of  growth  f drug-resist- 
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ance  or  drug-sensitivit\ ).  or  lis  is  usually  the 
cise.  look  for  the  degree  of  growth  inhibition 
induced  by  several  specific  concentrations  of  a 

drug.  ' 

16-3.  Laboratory  Test  Procedures.  There  are 
two  principal  sensitivity  test  "methods,  although 
variations  of  these  are  frequently  .encountered. 
These  are:  • 

•  Dilution  method.  ■'. 

•  •  Diffusion  method. 

16-4.  Dilution  method.  In  the  dilution  method, 
you  prepare  serially  decreasing  concentrations  of 
Sfn  antimicrobial  agent,  in  tubes  of  a  liquid 
medium.  Add  a  uniform  volume  of  a  young, 
pure  culture  of  the  test  organism  to  each  tube. 
After  overnight  incubation,  observe  Athe  tubes 
maeroscopically  for  evidence  of  gtowth.  A  con- 
trol tube  containing  the  bacterial  inoculum,  but 
without  the., drug,  is  always  included  in  the  test 

system.       ^>  * 

J  6-5.  The  tube  having  the  lowest  concentra- 
k  tion  of  the  drug  that  inhibits  growth  tells  you  tfie 
minimal  mhibirory  concentration   (MIC).  The 
MIC  Is  usually  expressed  in  micrograms  of  anti- 
microbial agent  per  milliliter.    Figure  50  illus- v 
'rates  the  tube  dilution  method  and  shows  an 
MIC  of  6.25  micrograms.  As  an  alternate  tech- 
nique. vi|u  can  incorporate  dilutions  of  the  inhib- 
i  jtorv  agent  into  agar  slants  or  \plates  of  a  solid 
I  test  medium.  In  this  procedure.!  ^reak  a  loopful 
Jof  inoculum  on  the  surface,  ajftd  then  note  the 
JUpresence  or  absence  of  growth  after  incubation. 
%%  16-6.  The  dilution  procedures  yield  quantita- 
Mye  results,  and  they  are  particularly  useful  in 
i%idying  the  action  of  drtig*  combinations.  The 
V^llC  of  a  single  antimicrobial  substance,  or  com- 
b|).atioi).  can  be  compared  to  the  therapeutic  con- 
lepration  known  from  clinical  experience  to  be 
u\t|inable  in  the  body.  Thus,  the  physician  cart 
juitkfc   in   advance   the   probable   efficiency  of 
a  ciVcn  drug  in  controlling  infection.  There -arc 
v  certain  diVadvantagcs.  however.  The  preparation 
of  serial  dilutions  is  too  time  consuming  to  have 
routine  a^plication.fn  the  clinical  laboratory.  .In 
addition,  jou  must  first  isolate  the  test  organism 
in  pure  culture  because  the  liquid  culture  system 
docs  ni-yt  p^r(mit  visual  detection  of  contaminants. 
Resistant  mutants  that  might  develop  in  the  broth 
tubes  w-oukifiVc  equally  difficult  to  detect.. 

16-7.  /)ii^s1/>n.  methofh^Thc  diffusion  method 
takes  advantlj^.*pf  the  f^Nftliat  antimicrobial 
■  drugs  impk-mt^jat  points  on  a  solid  agar  medium 
,  will"  diffuse  off^ard  to  give  clearly  recognizable 

*  -/ones  of  inhihiluui-  of  bacteria  growing  on  the  me- 
"   dium.   Perhapsffte  most  widely  u<jpd  technique 

for  routine  worses  disc  diffusion. /Several  com- 
mercially manufactured  products  mc*  available  in 


the  form  of  absorbent  paper  discs  impregnated 
with  antimicrobial  drugs  in.  known  concentration. 
Discs  are  placed  on  seeded  or  surface-streaked 
plates  of  solicp  eiriturc  medium.  Figure  51  shows 
the  typical  Mkf  of  Inhibition  that  appear  during 
incubation.  This  is  .cauSed  due  to  moisture  fro*n 
the  medium  whicfi'  dissolves  the  impregnated 
drug  and  pernaits  it  to  diffuse  outward  from  eac/> 
disc.  As  we'wilj  note- in  the  next  section,  there 
are  precautions  to  take  in  spacing  the  discs  prop- 
erly and  in  inoculating  the  plate;  but  the  conven-  > 
ience.  flexibility,  /and  time-saving  features  of  the 
disc  diffusion  procedure  make  it  well  suited  to 
the  clinical  laboratory. 

16-8.  Factors  in  Sensitivity -Testing.  Although 
none  of- the  present-day  techniques  fully  meets 
this  goal  in  every  respect,  ideally,  a  good  sensi- 
tivity test*  procedure  should  have  all  of  the  fol- 
lowing: characteristics: 

a.  Have  J  distinct  end-point. 

/).  Be  a/plieable  to  all  therapeutic  drugs. 

c\  Be  suitable  for  \m  with  all  pathogens. 

d.  Give  results  in  a  short  time. 

e.  Permit  recognition  of  pathogens  as  opposed 
to  contaminants.         *  • 

/.  Differentiate  strains  that  are  morphologically 
similar  but  unlike  in  drug  ,  sensitivity. 

1.6-9,  In  actual  practice,  there  are  many  var- . 
iables  in  the  technique  of  performing  a  sensitivity 
test.  As  a  competent  bacteriologist,  you  should 
striyc  to  control  these  variables  by  setting  up  uni- 
form procedures  that  will  yield  consistent  results 
in  the  day-to-day  ^  operation  of  your  laboratory. 
Among  the  factors  which  you  must  keep*in  mind 
are: 

a.  pH  of  the  medium. 

/).  Composition  of  the  medium. 

c.  Size  and  nattira  of  inoculum. 

d.  Incubation  pbriod.  * 
V.  Growth  requirements. 

f.  Stability  of  the  drug. 

».  Proper  spacing,  of  discs.  ^ 

16-10.  pH  <)f  (he  mediwiu  Some  antibiotics 
are  more  potent  at  one  pt-J  than  another;  for  ex- 
ample, streptomycin  shows  its  greatest  inhibitory 
effect  at  an  alkaline  pH  while  penicillin  is  more 

•  effecfive  at  acid  pH's.  Nevertheless,  the  critical 
pH  factor  is  the  optimum  range  for  grovyth  of  the 
test  organism,  usually  7.2  to  7.4.  Moreover,  this 
range  encompasses  the  pH  (around  7.35)  en- 
countered by  the  pathogen  in  the  patient's  circu- 
latory system. 

16-11.  Composition  of  the  medium,  A  heart 
infusion  cVr  tryptose  blood  agar  base  (with. or  w-ith- 

: '.out  added  blood)  is  ordinarily  used  in  ser.si- 


tivity  testing.  .Not  all  bulture  media  are 
suitable,  howewt.    Nutrients  that  will  support 
•growth  of  the  fastidious  pathogens  must  be 
provided.    Conversely,  substances  that  might 
interfere  with  the  test  must  be  excluded.  Glu— 
cose  in  concentrations  over  0.5  percent  is  not 
desirable,  nor  is  the  presence  of  serum  albumin. 
This  protein  can  absorb  and  inactivate  certain 
penicillins.    The  blood  cells  in  blood  agar  can 
also  inhibits*  penicillin  K.     Since  many  tissue 
extracts  contain  p-aminobenzoic  testing  sensi- 
tivity to  the  sulfonamides  (PABA  would  re^e^se 
any  inhibition  by  these  drugs).     In  addition  to 
composition,  the  physical  characteristics  of 
solid  media  ^re  important  with,  respect  to 
diffusion  o£  the  test  antibiotics.     The  concen- 
tration of  agar  affects  the  rate  of  diffusion, 
as  does  the  depth  of  plated  media.     Plates  o£  , 
uniform  thickness  (4  to  5  mm.)  cqntaining  either 


1.5  or  2.0  percent  aga^  Usually  give  the 
best  results. 

16-12.    Size'and  natuW  of  inoculum. , Inoc- 
ulum size  is  important  with  regard  to  twp 
points:     (1)  the  concentration  of  test  micro-'" 
organisms  per  volume  of  broth  medium,  or  per 
given  area  of  pl|tte  surface;  and  (2)  the  total 
coverage  of  a  plated  medium  on  which  antimic- 
robial drugs  will  be  implanted  for  the  sensi- 
tivity test.    A  heavy  inovulation  is  undesir- 
able because  the  organisms,  if  present  in 
large  numbers,  can  "overgrow"  a  plate  and  mask 
the  inhibitory  effect  of  the  test  drugs' 
^Similarly,  a  massive  inoculum  added  to  a  drug- 
containing  broth  can  quickly  deplete  the  drug, 
and  then  multiply  to  yield  a  false  result. 

16-13.     Complete  coverage  of  a  plate  of  cul- 
ture medium  with  the  inoculum  insures  that  all 
areas  surrounding  an  implanted  disc  will  con- 
tain 
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Figure  <l.    Correct  technique  of  diffusion  sensilivin  lostiriL 
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Ficure  52.  *  £>isc  diffusion — too  heavily  inoculated. 


microorganisms.  Otherwise,  areas  void  of  growth 
will  mistakenly  appear  a*  zones  of  inhibition  after 
the  plate  has  been;  incubated.  Generally,  pure  cul- 
tures of  bacteria  grown  in  broth  for  2  to  5  hours, 
or  until 'a  visible  turbidity  is  seen,  provide  the 
ideal  inoculum.  You  'cqp  swab  or  flood  this  broth 
ort  plated  media,  or  transfer  it  to  tubed  nutrient 
broth  containing  an  antimicrobial  agent,  if  a  liquid 
system  is  preferred. 

'  16-14.  It  quite  often  happens  that  treatment 
of  an  infection  cannot;  be  delayed  until  the  patho- 
gen is  isolated  in  pure  culture  and  identified.  Un- 
der such  circumstances,  you  have  to  set  up  sensi- 
tivity studies  without  waiting  for  the  broth 
subculture  to  provide  the  ideal  inoculum  for  dif- 
fusion tests,  There  arc  two  shortcuts  available  to 
you.  each  having  to  do  with  the  form  of'  the 
inoculum.  '  > 


<  16-15.  The  first  of  these  involves  the  primary 
isolation  medium, to  which  the  clinical  specimen 
was  inoculated.  As  soon  as  you  can  see  macr> 
scopjtally  visible  growth  on  a  plate,  select  repre- 
sentative colonies  for  sensitivity  testing.  Biochen> 
ical.  serological,  or  animal  studies^  aimed  at 
specific  identification  of  the  organisms  can  be  c?<^ 
ried  out  later.  Using  a  loop  "needle,  rempve  mate^ 
rial  from  several  colonics  that  seem  to  be  identical 
in  morphology.  If  the  plate  shows  eVidcncc  of  a 
s  mixed  culture,  sample  separately  the  colonies  of 
each  distfrict  morphological  type.  When  sus- 
pended and  dispersed  in  a  small  volume  of  saline 
or  broth,  the*  material  taken  from  multiple  colonies 
is  streaked  or  poured  over  the  surface  of  the 
diffusion  test  medium.  If  you  initially  planted  t:ie 
clinical  specimen  in  a  fluid" medium  such  as  thio- 
glycollate  broth,  you  can  use  aliquots  of  this  brcth 
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Figure  53.    Disc  diffusion — inoculum  not  uniformly  applied. 
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for  the  sensitivity  test  iijbculum  as  soon  as  you 
detect  turbidity.  V  .       sv  . 

16-16.  The  second  shortcut  in  inoculation'  tech- 
niques has  been  referred  to  as  the  primary  disc 
diffusion  procedure.  After  you  have  applied  the 
clinical  specimen  to  an  isolation  medium,  use  part 
of  the  specimen  to  inoculate  the  sensitivity,  test 
piate  directly.  You  can  spread  urine;  blood,  and 
other  body  fluids  over  the  .surface  with  a,  glass  rod 
or  swab.  Then*  implant  thV  discs  containing  anti- 
bacterial agents  on  the  surface.  The  rapidity  with 
which  this  inoculation  technique  gives  results 
(generally  overnight,  but  as  short  as  6  hours  if 
the  plate  is  examined  microscopically)  justjfi§s 
j  s  use  in  the  hospital  laboratory.  Don't  forgeft 
trough,  to  leave  part  of  the'  inoculated  surface 
free  of  the  drug-impregnated  diffusion  discs  so 
that  colonies  will  be  available  for  identification.* 


16-17.  Incubation  period.  The  optimum  pe- 
riod of  contact  between  test  organism  and  the 
antimicrobial  agent  Js  18  to  24  hours  for  most 
pathogens.  As  we  noted  above,  minute  colonies 
cah  sometimes  be  seen  through  a  hand  lens  or 
microscope  within  a  few  hours  after  inoculation. 
Zones  of  inhibition  arc  more  clearly  readable, 
however,  if  the  longer  period  is  employed.  Be- 
yond 24  hoyrs  the  results  may  be  obscured  by 
overgrowth  of  microorganisms  on  the  t$it  plate  or 
in  tubes  of  liquid  test  medium.  Many  antimi- 
crobial substances  are  bacteriostatic  ( rather  than 
lethal)  and  prolonged  incubation  sometimes  en- 
ables bacteria  that  were  initially  inhibited  to 
counter  the  effects  of  the  drug  and  to  resume 
growth,  •    ■  ' 

16-18.  Many  of  the  other  considerations  that 
we  vdiscussed  earlier  relative  to  cultivating  bac- 


tcria  in  the  laboratory  also  apply  to  sensitivity  prolonged.  _Thus.  drug 'instability,  in  addition  to 
testing:   If  you  find  an  obligate  anaerobe  in  a  .  The  other  variables,  accounts  for  the  fact  that,  our 
diseased  tissue,  you  must  set  up  the  sensjtivify  j5resent-day sensitivity ^ test  techniques  fall  short  of 
test  systdrii  under  anaerobic  conditions,  and  at  the  th#  ideafc                             ■                »"  *f 
proper  temperature  of  incubation  to  support  rqold  %-  1 6-21-  Proper  spacing  of  discs.  There  is  a  last, 
growth  of  the  organism.  The  same  can  be  said  but  extremely  important  factor  to'consider  in  con- 
fer pathogens  that  ttequirc  increased  carbon  diox-  diicting  sensitivity  tests  by  the  disc  diffusion  tpch-' 
ide  pressures  first  isolation.            '  niq.ue— the, pfoper  spacing  of  the  discs  in  relation  • 
16-19.  Growth  requirements.  The  tailoring  of  to  the  bacterial  inoculum.    Let's  Jook  at  the. 
culture  conditions  to  fit  the  organism's  require-  correct  technique  first,  and  then  examine  .  some 
ments  for  growth  occasionally  prove  detrimental  %  examples  of  poor  worfc.  Referring  to  figure  51, 
as  far  as  the  drug -component  of  the  test  is  con-  *  you  can  see  light  but  uniform  coverage  of  the  test 
cerned.  The  pH  dependence  of  streptomycin  and  .  plate  with  bacterial  growth,  the  diffusion  discs 
penicillin  for  maximum  ' activity  .  was  mentioned  are  placed  far  enough  apUrt  that  zones  of  inhibi- 
'previously.  tion  do  not  overlap.  By  contrast,  the  inoculation 
16-20.'  Stability  of.  the  drug.  The^ual  incu-  sho\£n  in  figure  52  was  so  heavy  that  overgrowth 
bation  temperature  of  37'  C.  for  pathogens  inac-  of  the  antimicrobial  agent  occurred.  .Figure  55? 
vates  certain  of  tjj^ antibiotics  if  the  exposure  is  f  demonstrates  whjtt  can  happen  .  when  the  inoCt.  - 


Figure  54.    Disc  diffusion — overcrowding  of  discs. 


ium  is  not  uniformly  applied.  It  is  difficult  to 
determine  with  certainty  whether  clear  areas 
around  certain  discs  on  the  periphery  of  the  plate 
tire  due  to  inhibition  or  to  the  absence  of  the 
•noculum.  Overgrowth  can  also  be  suspected  near 
uher  discs  that  give  no  sign  of  inhibition.  At  the 
ether  extreme,  figure  54  reveals  the  result  of 
crowding  discs  on  the  plate*  The  test  becomes 
worthless  when  you  try  to  find  distinct  zones  of 
inhibition. 

16-22.  Antibiotic  Assays.  To  assist  in  judging 
the  level  of  antimicrobial  drug  in  the  patient's 
tissues,  your  Isfboratory  may  be  called  upon  to 
assay  blood,  urine,  or  other  body  fluids  for  their 


drug  content.  The  procedure  is  very  similar 
to  sensitivity  testing.  First,  impregnate  discs  of 
absorbent  paper  with  the  patient's  fluid  to  be.  as- 
sayed. Allow  other  discs  to  iibsorb  a,  fluid  of  the 
same  kind  to  which  you  havvf  added  several  known 
concentrations  of  the  drug  in  question.  These 
discs  serve  as  controls.  Examine  zones  of  inhibi- 
tion on  plates  inoculated  with  an  organism -highly 

.  sensitive  to  that  specific  antibiotic.  By  comparing 
the  size  of  the  zone  around  the  test  disc  to  the 

-zones  around  the  discs  of  known  drug  content, 
you  can  arrive  at  a  reasonable  estimate  of  ih*e 
drug  level  in  the  patient. 
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Glossary 

Animalcule — A  minute,  usually,  microscopic  organism. 

Absorption— Taking  up  by  capillary,  osmotic,  chemical,  or  solvent  action.  Ex- 
amples: ( I )  absorption  of'moisture  from  the  air,  (2)  absorption  of  gas  by  water, 
(3)  absorption  of  nourishment  in  the  small  intestine,  and  (4)  absorption  by 
plant  roots  of  nutrients  from  the  soil. 

Adsorption — A  taking  up  by  physical  or  chemical  forces  of  the  molecules  of  gases, 
of  dissolved  substances  or  of  liquids  by  the  surfaces  of  solids  or  liquids  with 
which  they  are  in  contact. 

Altotropi lie— Needing  only  carbon  dioxide  or  carbonates  as  a  source  of  carbon 
and  a  simple  inorganic  nitrogen  compound  for  metabolic  synthesis.  (Obtains 
encrcy  from  the  oxidation  of  /inorganic  compounds). 

Aerobe— Organism  that  requires  ready  access  to  air  for  growth  and  reproduction 

Anaerobe— Organisms  that  can  grow  and  reproduce  in  the  complete  or  virtual 
absence  of  molecular  oxygen. 

Antigen— Any  substance  which,  when  introduced  into  the  blood  or  tissues,  incites 
the  formation  of  antibody  and  which,  when,  mixed  with  the  antibody,  reacts  with 
it  in  some  wav  that  can  be  demonstrated. 

Anthocyanin— Any  of  various  soluble  glycoside  pigments  producing  blue  to  red 
coloring  in  plants. 

Ascitic  Fluid — Serous  fluid  in  the  .abdomen. 

Alanine— An  amino  acid  formed  by  the  hydrolysis  of  proteins. 

Batericioai. — Destroying  bacteria. 

Chemotherapeutk—  Chemical  agent  used  in  the  treatment  of  disease. 

Coenzyme— The  heat-stable,  water  soluble  portion  0f  an  enzyme  which  is  neces- 
sary for  the  production  of  fermentation  or  digestion  by  means  of  an  enzyme. 

Carotenoids— Yellow  to  red  pigments  found  widely  in  plants  and  animals. 

Cytoplasmic  Membrane— A  scmipcrmiablc  membrane  located  directly  beneath 
the  cell  wall,  sovcrnine  osmotic  activity. 

Epidemiology— A  science  that  deals  with  the  incidence,  distribution,  and  control 

of  disease  in  a  population. 
Enteric  Organisms— Members  of  the  family  Entcrobactcriaccae,  many  of  which 

arc  parasitic  and/or  pathogenic  in  plarits  or  in  the  intestinal  tract  of  vertebrates. 
Fulminating— Sudden,  severe,  coming  on  suddenly  with  an  intense  seventy. 
Halogen— Any  element  capable  of  forming  a  haloid  salt. *  The  halogens  are 
•  chlorine,  bromine,  iodine,  and  fluorine.  A 
Heterotrophic  Bacteria— Bacteria  that  obtain  cnergy'from  organic  carb 

sources. 

Hydrolsate— A  compound  produced  by  a  chemical  reaction  in  which  a  compound 

reacts  with  water. 
Isoniazid— A  compound  used  in  the  treatment  of  tuberculosis. 
Inspissator— An  apparatus  fd  make  a  fluid  less  thin  by  evaporation. 
Lytic — Producine  the  dissolution  of  cells. 

Lysochromes— Any  of  the  naturally  occurring  pigments  soluble  in  fats  or  in 
solvents  for  fats.  a 
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Mesophilic — Said  of  bacteria  which  develop  best  at  the  temperature  of  the  body — 
37°  C. 

Microaerophilic — Preferring  low  concentrations  of  oxygen. 
Melanin-^-A  dark  brown,  or  black  animal  or  plant  pigment. 
Metabolism — The  chemical  changes  in  living  ceils  by  which  energy  is  provided  for 
*  vital  processes  and  activities  and  new  material  is  assimilated. 
Oxidation-Reduction — A  chemical  reaction  in  which  one  or  more  electrons  arc 

transferred  from  one  atom  or  molecule  to  another. 
E^otophyta — A  group  of  the  vegetable  kingdom*  including  the  lowest  and  simplest 
^plants,  such  as  the  bacteria. 

Pleomorphic — Occurring  in  various  distinct  forms  within  the  same  species. 
Psychrophilic — Fond  of  cold;  bacteria  which  develop  best  between  15°  and 

20°  C.  > 
Penicillinase — An  enzymelikc  substance  producd  by  certain  bacteria  which  has 

an  inactivating  effect  on  penicillin.  ^ 
Pellicle — A  thin  skin  or  film  on  the  surface  of  a  liquid, 
Proteolysis — The  hydrplysis  or  decomposition  of  proteins. 
Pathogen — (A  microorganism  capable  of  causing  disease.  X 
Saprophyte-UAh  organism  which  normally  inhabits  a  certain  area  of  the  Ijody 

without  producing  disease. 
Spore — -Unicellular  resistant  or  reproductive  body  produced  by  plants  and  some 

invertebrates. 

Taxonomy — Branch  of  bjology  that  deals  with  the  arrangement  and  classification 

of  animals  and  plant 
Thermophilic — Fond  of  heat;  bacteria  which  develop  best  at  a  temperature  of  40c 

to  70°  C. 
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WORKBOOK 

Laboratory  Procedures  in  Clinical  Bacteriology  (  Part  I) 


This  workbook  places  the  materials  ^>u  need  wfiere  you  need  them  while  you 
are  studying.'  In  it,  you  will  find  the  Chapter  ReUew  Exercises  and  their  answers, 
and  the  Volume  Review  Exercise.  You*  can  easily  compare  textual  references 
with  chapter  exercise  items  without  pipping  pages  back  and  forth'  in  your  text. 
You  will  not  misplace  any  one  of  these  essential  study  materials.  You  will  have 
a  single  reference  pamphlet  in  the  proper  sequence  for  learning. 

These  devices  in  7our  workbook  are  autoinstructional  aids.  They' take  the 
place  of  the  teacher  who  would  be  directing  your  progress  if  you  were  in  a 
classroom.  The  workbook  puts  these  §elf-teachers  into  one  booklet.  If  you  will 
follow  the  study  plan  given  in  "Your  Key  to  Career  Development,"  which  is 
in  your  course  packet,  you  will  be  leading  yourself  by  easily  learned  steps  to  " 
mastery  of  your  'text. 

If  you  have  any  questions  which. you  cannot  answeTTJy  referring  to  "Your 
Key  to  Career  Development"  or  your  course  material,  use  ECI  Form  17, 
Student  Request  for  Assistance,"  identify  yourself  and  your  inquiry  fully  and  . 
send  it  to  ECL 

Keep  the  rest  of  this  workbook  in  your  files.  Do  not  return  any  other  part  of 
it  to  ECL 
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CHAPTER  REVIEW  EXERCISES 

The  following  exercises  areWudy  aids.  Write  your  answers  in  pencil  in  the  space  provided  after  each 
exercise.  Immediately  after  compiemg  each  set  of  exercises,  check  your  responses  against  'the  answers  for 
that  set  Do  hot  submit  your  ansyegs  to  ECI  for  grading  ^  t  ■ 

*   .  m  CHAPTER  1  ... 


Objective:  To  show  a  knowledge  oif^ne  df  the  specific  historical  background  of  bacteriology  and  how  it 
deijgloped  into  the  science  it  is  todayM 


h   To  be  a  good  bacteriologist  yojU  Must  be  a  "good  detective."  In  your  own  words,  how  does  this 
apply  to  your  job  in  bacteriology?%ntro.) 


2,   What  practices  did  Hippocrates  ^vockt£  for  the  "suFgeoh."  (M) 

\  i4  \ 


.  *-\  .  . 

3.   In  1546,  Girolamo  Fracastoro  proposed  that\ contagious  material  can  be  spread  in  three  ways^.  What 
are  they?  Do  these  ways  still  hold  true  today\?'(l-3)  ^  ■ « 


4.   What  was  the  theory  of  Spontaneous  generation! (2-1) 


5.   Spallazani,  Schroeder  Von  Dusch,  and  Pasteur  offered  proof  to  discredit  the  theory  of 'spontaneous 
generation.  Iff  your  own  words,  briefly  explain  the^bacteriological  significance  of  this  proof. 
(2-2-5,8,9) 


I3i 


6.  Louis  Pasteur  was  a  major  scientific  contributor  to  the<Golden  Age  of  Bacteriology.  What  "title" 
has  been  bestowed  upon  Pasteur?  (2-9)  Y%  . 


7.   List  two  reasons  why  a  bacteriologist  might  not  be  able  to  use  Koch's  postulates  in  identifying  a 
bacteTium  isolated  from  a  disease  source.  (2-11) 


CHAPTER  2 

Objectives:  To  learn  how  to  handle  the  various  specimens  submitted  to  the  laboratory  so  that  proper 
culturing^tecl^^ues  can  be  used,  and  to  kriow  how  to  maintain  aseptic  tecfirfiques  and  how  to  dispose  of 
used  materials.  -  •  ■ 

•  >■  ■      ■  , 

C?*K  .  ...... 

1 .   Who  is  authorized  to  prepare  the  Standard  Form  (SF)  5 14  sepes  requesting  laboratory  work?  (3-2) 


2.   How  can  we  prevent  a  specimen  from  getting  separated  from  its  request  form?  (3-4,  6) 


3.   When  shpuld  blood  specimens  be  collected  for  culturing?  (3-8) 


4.   When  submitting  body  fluids  for  culture,  what  information  should  be  entered  on  the  Standard  Forrfr"* 
514?  (3-11)       .     y .     ■  * 


5.  What  is  an  exudate?  List  some  sources  from  which  they  are  usually  collected?  (3-12-14) 


6.   All  food  handlers*must  submit  stool  specimens  for  examination.  Explain.  (3-15)  - 


) 


%    7,   How  does  sputum  differ  from  spittle?  (3-2 1) 


8.   Why  should  you,  the,  laboratory  technician,  avoid  touching  the  tongue,  cheek,  and  teeth  when 
collecting  a  throat  culture?  (3-23)  / 


9.   You  have  received  a  throat  culture  swab.  The  doctor  has  or^tesfd  a  smear,  culture,  and  sensitivity. 
You  get  all  our  materials  ready,  make  the  smear  and  plate  the  culture.  What  is  wrong  with  this 
procedure?  (3-24)  "  "  . 


10*    A  physician  has  ordered  three  urine  cultures  on  a  patient  over  several  days.  What  does  he  suspect7 
(3-25)  v 


ll,    A  three-glass  urine  is  felt  to  separate  a  urine  specimen  into  three  anatomically  separate  specimens. 
What  is  the  separation?  (3-29) 


if  you  are  interested  in  identifying  the  bacteria  which  may  be  contained  in  a  specimen,  why  concern 
yourself  with  mater iai  on  the  outer,surface  of  the  container?  (4-1)  *  & 


How  does  working  on  an  absorbent  surface  such  as  a  disinfectant  soaked  paper  towel  benefit  you  s 
in  the  bacteriology  laboratory?  (44, 5)  * 


4 

What  ihree  things  should  you  check  when  using  the  centrifuge?  (4-6) 


Ljst  at  least  fiye  factors  that  you  should  take  into  consideration  when  selecting  a  specimen  container? 
(4-9)  -  *  ' 


Body  fluids  may  coagulate  after  being  withdrawn  from  a  patient.  Describe  three  techniques  you  can 
use  with  a  body  fluid  in  order  to  culture  it.  (4-11) 


The  lapse  of  time  between  collection  and  media  inoculation  can  be  a  detrimental  factor  in  recovery 
of  pathogenic  bacteria.  How  can  a  holding  media  benefit  recovery  of  bacteria?  (4-16,  17,  32) 


Discuss  at  least  two  reasons  why  you  should  initiate  culture  procedures  as  soon  as  possible  after 
the  collection  of  the  material?  (4-1 9)  . 


\ 


19.    Why  must  you  be. careful  when  freezing  bacteria  as  a  means  of  preserving  them?  (4-23) 


^  20.    In  cases  of  suspected  viral  disease,  two  specimens  are  collected  for  diagnostic  purposes.  How  are  the 
tubes  labeled  and  what  is  the  significance  of  each  -specimen?  (4-24)  ."''*' 


21.  Refrigeration  at  4°  C.  is  used  as  a  means  of  temporary  storing  of  bacteria^nfiinfng  material.  What 
.\     is  the  maui  advantage  of  this  means  Of  preservation?  (4-27)  W    ■■  ■■ 


22.    When  should  you  not  use  chemical  preservatives  to  preserve  bacterial  cultures?  (4-29) 


23.  Phenol  is  an  excellent  compound  for  surface  decontamination.  Why  is  it  so  good?  (4-36) 

24.  What  first  aid  should  be  given  .for  a  laceration  in  bacteriology?*  (4-41)  ^? 

t  > 

25.  -How  does  a  laceration  differ  from  a  puncture  wound  in  regards  to  bacterial  contamination?  (4-42) 


26.  '  Why  is  an  accidental  puncture  with  a  needle  more  dangerousahan  ^Taceration?  (442) 


27.    What  causes  most  accidental  infection  with  contaminated  fluids?  (4-43) 


28.    What  causes  most  accidents  while  using  pipettes?  (4-45,  46) 


29.    Why  should  you  not  smoke  or  eat  in  the  laboratory?  (4-47) 


30.    Who  do  you  protect  when  you  make  an  effort  to  prevent  contamination  in  the  laboratory?  (448) 


31 .    You  have  sterilized  all  the  equipment  and  media  before  using  them  in  studying  the  bacteria  isolated* 
from  clinical  specimens.  Why  is  this  procedure  important  in  your  work?  (5-1) 


32.    "The  complete  destruction  or  removal  of 'all  living  forms  of  microorganisms"  defines  which  term? 
(5-5) 
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13  G 


8 


'::';'^v  v. 


33.    What  is  the  main  difference  between  sterilization  and  disinfection?  (5*5,  6) 


34.    Explain  a  bacteriostatic  agent.  (5-8) 


35.    Define  the  term  "viability."  (5-1 1) 


36.    How  can  we  destroy  viable  organisms?  (5-11) 


37,    What  makes  the  genera  Staphylococcus  and  Bacillus  differ  from  each  other  enough  to  warrant  the 
use  of  a  different  means  of  sterilization  for  each  one?  (5-13) 


38.    In  which  part  of  the  growth  cycle  would  spore-formirig  organisms  be  harder  to  kill?  (5-15) 


39.    How  does  the  presence  of  organic  matter  affect  the  effectiveness  of  disinfectants?  (5-16,  18) 
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40.    Disinfectants  do  not  act  immediately.  The  speed  with  which  they  react  depends  mainly  on  what  four 
factors?  (5-17) 


41.    Increased  moisture  and  an  elevated  temperature  affect  bacteria  in  two  stages.  What  are  they?  (5-22) 


\ 

42.    What  factors  affect  the  effectiveness  of  boiling  as  a  means  of  sterilization?  (5-23,  24) 


43.    What  is  tfoe  principle  of  the  Arnold  sterilizer  method  of  using  free-flowing  steam?  (5-28,  29) 


44.    What  time,  temperature,  and  pressure  are  routinely  used  to  sterilize  bacteriology  laboratory  materials 
in  an  autoclave?  (5*32) 


45.    Dry  heat  can  be  used  to  sterilize  glassware  and  nonliquid  materials.  What  important  factors  must  be 
considered?  (5-33-35) 


V 

46.    List  four  types  of  filters  that  can  be  used  as  a  mechanical  means  of  sterilization.  (5*38) 


'  ■  • 

f$>  \    :  \      47.    How  does  a  filter  achieve  sterilization  of  liquids?  (540) 


^a^w'  :;^$w;fy  *"{^#J;}*$ 
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48.    Chemical  sterilization  is  achieved  by  attacking  what  three  sites  of  a  bacterium?  (542) 


49.    How  do  surfactant  chemical  agents  affect  the  cell?  (544)4 


50.    Match  the  substances  on  the  left  with  the  ways  they  affect  bacteria  listed  on  the  right.  (544-62) 


1.  Sulfonamides 


\ 


2.  Halogens. 

3.  Heavy  metals. 

4.  Synthetic  detergents. 

5.  Organic  solvents. 


cu  Kills  vegetative  stages. 

6.  Coagulation  of  cell  protein. 

c.  Interfere  in  enzyme  processes. 

d  Precipitation  of  various  proteins  and  agglutination 

of  bacteria. 
e.  Nonspecific  chemical  combinations. 


51 .    Which  halogen  is  the  most  dangerous  to  use?  (5-51) 


52.    What  kind  of  bacteria  is  more  susceptible  to  detergents?  (5-55) 


■? 
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53.    Name  the  three  types  of  detergents,  (S-55) 


54.    Halogens  are  one  of  the  classic  means  of  disinfection.  Recently  synthetic  detergents  have  gained 
wider  acceptance  and  more  use.  How  do  they  act  on  cells?  (5-55) 


55,    Match  the  type  of  detergent  on  the  left  with  the  statement  on  the  right.  (5-56-58) 

(!)  Anionic.  a  Active  at  alkaline  pH. 

(2)  Cationic.  b.  pH  independent. 

(3)  Nonionic.  c.  Active  at  acid  pH. 


56.    What  can  be  added  to  ethyl  alcohol  to  increase  its  effectiveness  against  spores?  (5-61) 


57.    A  practical  means  of  sterilizing  plastic  articles  is  by  the  use  of  which  type  agent?  (5-67) 


58.    Phenol  is  commonly  used  in  what  percentage  strength?  (5-69) 


59.    The  addition  of  ethyl  alcohol  to  phenol  solution  will  increase  or  decrease  the  effectiveness  of  the 
phenol.  (5-69) 


J 
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6Q:    To  offer  standardization  in  measuring  the  effectiveness  of  disinfectants,  which  agent  is  used  as  the 
standard?  (5.71)  1 


61 .    If  we  wanted  to  test  the  effectiveness;  of  a  disinfectant,  what  tjiree  conditions  must  we  observe  in 
culturing  the  organisms  to  be  used  in  the  test?  (5-72) 


62.  .When  can  we  consider  a  phenol  coefficient  valid?  (5-73) 


63.    What  is  the  best  disinfectant  tor  smooth  laboratory  tabletops?  (5-76) 


64.    How  da  we  prevent  hospital-borne  infections?  (5-77) 


65.    Who  coordinates  activities  within  USAF  hospitals  for  the  prevention  and  control  of  hospitai-borne 
infections?  (5-78)  ' 


M 

66.    There  are  three  main  techniques  for  testing  the  sterility  activity  of  the  autoclave.  What  a#  they? 
(5-80) 
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'67.    Which  method  of  sterility  testing  is  the  most  reliable  indicator  of  proper  operation  of  sterilization 


equipment?  '(5-80/83) 


68.    In  using  the  spore  strip  or  ampule  as  a  means  of  testing  autoclave  effectiveness,  would  growth  of  the 
spores  after  autoclaving  indicate  that  the  autoclave  is  effective  or  noneffective?  (5-83-86) 

V 


69.    Who)?  used  as  a  sterility  check  ampules  of  Bacillus  stearothermqphilus  must  be  incubated  at  what 
teniperirure?  (5-85) 


70.    How  should  you  jnterp&t  cultures  of  "clean"  hospital  rooms?  (5-86) 


71.    If  you  are  monthly  sampling  a  floor  for  bacteria,  why  should  you  standardize  your  sampling  by 
%      taking  the  specimen  from  one  particular  area,  plant  it  on  one  kind  of  media  and  grow  it  in  the 
same  environment  each  time?  (5-87,  88) 


72.    If  you  were  to  sum  up  the  list  of  responsibilities  that  you  have  as  a  bacteriologist,  what  statement 
might  you  make?  (5-93) 


v 
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Objective:  To  learn  how  taxonomy,  morphology,  and^hsiibib^  of  bacteria  are  useful;  parameters  in 
identifying  bacteria,  To  demonstrate  a  knowledge  of  the  basic  techniques  of  good  culturing  and  biochemical 
testing  as  aids  in  speedy  identification  of  organisms  from  clinical  specimens, 

1.  What  is  a  taxis?  (6-2) 


2 .  The  most  commonly  used  .method  for  classifying'  bacteria  is  the  Code  of  Nomenclature  of  the 
Bacteria  and  Viruses.  What  properties  does  thfc  code  use  to  classify  bacteria?  (64) 


3.   Arrange  the  following  taxonomic  categories  in  descending  sequence,  (6-5,  6) 

a.                                    "  phylum 

h   kingdom 

c.                      ■   genus  •  v 

£      .  ■  _   family 

e   order 

f   tribe 

gm   class 


4.   Identify  the  genus  variety  and  species  names  of  Bacillus  subtilis  nigerl  (6-7-12)    ^  / 


5.   In  your  work  you  have  cultured  an  organism,  but  you  are  not  sure  to  what  genus  it  belongs.  What 
approach  should  you  take  in  identification?  (6-9) 
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7.   A  group  of  related  genera  is  a  .  (6-13) 


8.  *What  features  do  we  generally  include  under  the  term  "morphological  characteristics?"  (6-18) 


9.   What  are  the  three  principal  shapes  of  bacteria?  (Table  4) 


10.    Bacteria  which  obtain  their  energy  from  inorganic  material  and  their  carbon  from  carbon  dioxide 

are  called   bacteria.  Those  organisms  which  require  organic  carbon  are 

called  _bacteria.  Disease-producing  bacteria  are  usually  (heterotrophs/ 

autotrophs).  (6-20-22)  « 


1 1 .    The  unit  used  for  measuring  bacteria  is  the  ._  .  (7-2) 


°   12*    The  structure  of  a  bacterial  cell  which  contains  diffused  chromatin  material  responsible  for  the 
reproduction  of  the  cell  is  the  .  (Fig:  15;  Table  5) 


13.    A  bacillus  with  flagella  completely  surrounding  'the  cell  is  termed 


(Fig.  17) 


14.    The  post  •fission  whipping  of  bacilli  results  in  the  arrangement  referred  to  as 
.    (74,  Table  6,  Fig.  17.)  ^ 


15.    The  genera  representing  cocci  in  fours  and  in  packets  of  eight  are  :  _and 

 '  -   .  ,»         respectively.  (7-6;  Table  6) 


16.    As  a  result  of  binary  fission,  bacilli  are  seen  in  various  groupings.  Define  the  following  terms  which 
describe  the  appearance  of  the  bacilli  microscopically.  (Table  6)  ' 

<l  Bacillus. 

b.  Diplobacillus. 

c.  Streptobacillus. 
d  Palisades. 
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17.    Explain  briefly  the  two  types  of  variation.  (7-9) 


18. 


Mutation  from  penicillin-sensitive  to  penicillin-resistant  is  an  example  of  what  type  mutation?  (7*10) 


CdturjBS  pin  contain  a  mixture  ^f  . typical  an^i  miiitaht  )?acteria.  If  you  grew  a  culture  on  a  medium 
which  contained  an  antibiotic  to  which  the  typical  bacteria  were  susceptible,  what  would  you  be  apt 
to  see  after  incubation?  (7 -10) 


20.    Change  from  smooth  "S"  colonies  to  rough  UR"  colonies  is  an  example  of 
the  second  form  of  variation.  (7-11) 


■21.    What  is  pleomofphism?  (7-1 3) 


22.    List  the  five  factors  that  you  must  consider  in  cultivating  bacteria.  (8-3) 


23.    The  majority  of  human  pathogenic  organisms. grow  beslat  a  temperature  of  37°  C.  and  are  called 
'  ,  ^_   .(8-7) 


24.    Define  a  facultative  anaerobe.  (8-12) 


25.    Define  a  microaerophil.  (8-14) 


2<k    I ti  cxafnin ing  glomes  of  bacteria,  what  physical  macroscopic  characteristics  should  you  observe? 


27.    An  H-type  colony  is  the  result  of  active  flagellar  motion.  You  would  expect  this  type  of  cplony  to 
be  (spread  out/pinpoint).  (8-17) 


28.    The  terms  "rough;"  ''smooth  "  "heaped  "  and  "mucoid"  refer  to  which  characteristics  of  the 
colony?  (8-21)       ,  *  * 


29.    A  heavily  encapsulated  organism  might  be  expected  to  form  a  ,  ^colony. 

(8-21)  ,  , 


30.    Describe  an  Si-type  colony  and  an  R-type  colony.  (8-22,  23)  ' 


31.    Does  the  type  of  medium  used  to  cultivate  a  bacterium  influence  the  color  produced  by  a  colony? 
(8-24) 


32.    What  are  the  two  major  groups  of  pigments  that  you  may  encounter  when  studying  bacterial 
pigments?  (8-25) 


33.  force  methpds  by  which  you  might  obtain  complete  anaerobiosis.  (8-28,  30-35) 


3%s-^29^dle  ^r  inCreaS^S  the  carbon  dioxide  content  of  the  enclosed  air  by  approximately  what  percent? 


35.    List  at  least  three  growth-promoting  substances  which  should  beincorporatedinto  a  culture  medium 
(9-3)  .  "  . 


36.    Under  what  specific  test  conditions  would  we  omit  carbohydrates  from  blood  agar?  (94) 


37.  What  amount  of  agar  should  be  added  to  a  liquid  base  medium  for  optimum  gelling?  (9-5) 

s 

38.  What  are  the  four  principal  types  of  media?  (9-9) 


39.    Differentiate  between  basal  media,  enriched  medialoand  isolation  media.  ^9-9-12) 


41 .    Why  should  you  use  fresh  distilled  water  for  reconstituting  dry  medium?  (9-17) 


42.    You  must  ^vatch  for  numerous  points  when  preparing  media.  Match  the  correct  response  with  the 
media  or  equipment.  (9-17-24) 


cl  Gelatin. 

b.  Two  liter  flasks 

c.  121°  C,  20  to  30  min. 

d.  Filtration. 

4  e.  Enrichment  materials. 

7  pH. 


1.  Use  to  prepare  1  liter  of  finished  medium.  v 

2.  Does  not  destroy  heat-sensitive  ingredients. 

-3.  Dissolve  by;  heating  to  50°  C.  in  hot  water  bath. 

4.  Optimum  sterilization  time  and  temperature, 

5.  Should  be  checked  when  you  are  using  a  formula 
and  stock  chemjeatJv,  -    v.  . 

6.  Used  to  prepare  semisolid  stab  cultures. 

7.  Are  added  after  cooling  sterilized  medium  to  45° 
to55°C. 

8.  Are  used  in  small  aliquots.  , 


43.    Why  are  bubbles  not  desirable  on  agar  surfaces?  (9-27-29) 


44.    Occasionally,  we  prepare  a  batch  of  blood  agar  which  is  lumpy.  How  did  this  happen  and  what  is 
wrong  with  using  lumpy  medium?  (9-31) 


45.    Should  an  experienced  technician  assume  that  his  newly  poured  plates  are  sterile?  Why?  (9-37) 


46.    Since  moisture  is  necessary  for  bacterial  growth,  can  we  use  a  medium  which  has  water  droplets  on 
its  surface  to  isolate  bacteria?  Why?  (9-37) 


47.    A  great  many  substances  can  be  added  to  media  /for  special  purposes.  Fo/mstanCe,  sodium 

thiogiy collate  permits  the  growth  of  anaerobic  bacteria  because  of  its  reiucing  action.  Briefly  state 
t'ic  rcaaj'-i  for  using  the  following  additives.  (9-38*47) 

a.  Penicillinase. 

b.  Crystal  violet. 

c.  Sodium  desoxycholate. 

d.  Potassium  tellurite. 

e.  Antibiotics. 


_  -Haw  Garv you^  use^aFbQhydme-iernwmaiior^tu^  and  species  of 

bacteria?  (949,  50) 


49.    What,  three  sugars  are  found  in  triple  sugar  iron  agar?  (9-51) 


50.    Para-dimerhyl-amino-benzaldehyde  (Kovac's  reagent)  is  usefulfor  determining  the  production  of  what 
chemical  in  bacterial  cultures?  (9-55) 
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51.    What  is  ihe  major  difference  between  the  principle  of  the  Nffclind  VP  test  procedures?  (9-57,  58) 


52.    Proteolytic  enzyme  production  can  be  detected  by  what  test  procedure?  (9-59) 


53.    In  the  litmus  milk  fermentation  test,  what  sugar  is  fermented  to  give  a  positive  test?  (9-62) 


CHAPTER  4 

Objective:  To  learn  how  to  use  a  methodical  scheme,  or  approach,  in  cuitunng  various  clinical  specimens 
in  order  to  identify  microorganisms  as  carefully  and  as  rapidly  as  possible.  To  understand  how  to  properly 
prepare  and  stain  smears  of  the  specimens  and  cultures  to  gain  the  information  needed  for  correct 
identification  of  microorganisms. 

1 .   What  major  problem  in  diagnostic  bacteriology  do  we  face  today  that  the  bacteriologist  Koch  faced 
in  the  1880s?  (Intro.) 


How  does  the  surface  streaking  technique  used  on  plate  cultures  help  in  the  isolation  of  a  bacterium? 
(10-3) 


3.    If  we  do  not  carefully  "pick"  a  colony  during  subculture  procedures,  what  might  happen?  (10-4,  5) 


In  what  instance  would  we  most  likely  use  a  pour  plate  in  isolating  a  bacterium  for  identification? 
(10-8)  * 


What  do  you  do  about  the  water  present  at  the  base  of  an  agar  slant?  (10-1 1) 


•List  the  three  types  of  tubed  media  and  briefly  state  the  use  of  each?  (10-9-12) 
What  is  the  purpose  of  diluting  certain  clinical  speciments  before  inoculation?  (10-13) 


What  mechanism  allows  bacteria  to  grow  to  colony  size  on  the  membrane  used  in  filter  cultures? 
(10-14)    '* 


What  is  the  reason  for  using  a  blood  agar  streak  or  pour  plate  for  the  initial  isolation  of  organisms 
from  a  throat  culture?  (11*3) 


\ 


How  can  we  test  for  "O"  hemolysin  produced  anaerobically  by  streptococci  without  doing  a  pour 
plate  culture?  (114) 
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1 1 .    Why  would  one  wish  to  use  enteric  media  for  throat  culture?  (1 1-9) 


12.    In  what  sequence  of  processing  steps  should  a  sputum  specimen  submitted  for  both  routine  and  AFB 
cultures  be  handled?  (1 W  3) 


13.    Tubercle  bacilli  from  an  active  case  are  highly  infectious.  What  can  we  do  in  the  bacteriology 
laboratory  to  prevent  becoming  infected?  (1 1-15) 


14.    What  is  the  purpose  of  the  concentration  technique  in  processing  sputum  for  TB  isolation?  (1 1-16) 


5 

15.    Give  the  advantages  of  usihg  trisodium  phosphate  as  a  digestant  of  sputum.  (1 1-19) 


16.    Middlebrook  7H10  agar  is  rapidly  becoming  a  favorite  mediu m  (o  grow  tubercle  bacilli.  What  is  a 
major  disadvantage,  to  the  use  of  this  medium?  (1 1  -24) 


17.    Clotting  is  a  problem  in  processing  body  fluids  for  culture.  What  can  we  add  to  the  fluid  specimen 
to  prevent  clotting?  (11-27)  s 
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18.    India  ink  can  be  used  to  outline  the  capsule  of_ 
(U-29)  , 


19.    Exudates  can  orginate  in  many  parts  of  the  body.  What  must  you  kilQw  about  this  type  of  specimen 
before  you  can  culture  it?  (1 1-31-33) 


20.    SjgitiUwnt  bacteriuria  is  indicated  by  what  criteria  when  culturing  urine?  (1 1-36) 


21.    After  streaking  an  agar  surface  with  0.1  ml.  of  a  1:1000  dilution,  you  count  64  colonies.  What  is 
the  count  of  bacteria  per  milliliter?  (1 1-38) 


22.    To  process  a  24-hour  pooled  urine  specimen  for  tubercle  bacilli,  one  should  add  what  reagent  to 
the  urine?  What  steps  must  follow?  (1 1-41) 


23.    Why  inoculate  selenite-F  broth  or  tetrathionate  broth  with  feces  when  performing  fecal  cultures? 
.(1145) 


24.    How  can  knowledge  of  the  patient's  clinical  diagnosis  benefit  the  bacteriology  technician  when 
culturiilg  a  stool  specimen?  (1 1-46-49) 
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I    -  25.    What  is  !3F  medium  used  for?  (1 1-51)  ' '  •*  CL 


26.    Ideally,  you  should  draw  a  blood  culture  before  the  start  of  antibiotic  therapy.  However,  what 
can  you  do  if  this  is  na$|tajsible?  (1 1-57)  ; 


27.    A  smear  of  a  urethral  secretion  which  shows  many  leukocytes  and  Gram-negative  intracellular 
diplococci  suggests  what  infection?  (11-59;  Fig.  40)  * 

.  V 


28.    How  should  tissue  specimens  be  cultured?  (1 1-61-63) 


I,   •  •:.  — -       "   '~"<r- — :  -  : 

  ~>  -  29.    List  the  three  important  points-to  remember  when  you  prepare  smears.  (12-4) 


30.    What  is  the  proper  way  to  prepare  a  smear  from  a  swa,b  which  appears  to  be  dry?  (12-7) 


31 .    Slides  should  "air  dry"  before  staining.  How  then  should  you  ufix"  a  slide  and  why?  (12-10) 


32.    A  chemical  group  that  gives  the  dye  molecule  its  characteristic  color  is  called  a 
(1242) 


33.    A  substance  which  fixes  (intensifies)  a  dye  to  a  cell,  thereby  minimizing  the  dye's  removal  from  the 
cell,  is  referred  to  as  a  ,  ._  .  (1243) 


34.    What  is  the  difference  betweea  a  direct  and  an  indirect  stain?  {12-14) 


35.    If  we  "want  to  demonstrate  the  presence  of  a  certain  feature  of  a  bacterium  (e.g.,  spore  or  capsule) 
one  should  use  a  stain.  (12-14) 


36.    Bipolar  staining  shows  what  feature  of  an  organism?  (12-15) 


37.    Three  nfajor  factors  influence  the  final  color  pattern  on  a  properly  stained  smear.  What  are  they? 
(12-16) 


38.    Although  the  mechanism  of  the  Gram  stain  reaction  is  not  Bfully  understood ,  it  js  believed  that  the 
property  of '^cell's  being  Gram-positive  lies  in  what  part^of  the  cell?  (12-19) 
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39.   (Gram-negative/Gram-positive)  cocci  may  appear  as  a  result  of  autolysis,  aging,  and  improper  incubation 
temperature.  (12-21)  . 1 


.40.    What  would  you  suspect  if  on  microscopic  examination  of  a  stained  smear7ou  noticed  heavy 
debris  and  misleading  artifacts  atong  with  the  bacterial  cells?  (12-2?) 


41.    What  is  the  action  of  phenol  in  the  carbol-fuchsin  solution  as  employed  in  an  acid-fast  stain?  (12-24) 


42.    What  is  the  major  difference  between  the  Ziehl-Neelsfn  and  the  Modified  Kinyoun  acid-fast 
staining  techniques?  (12-25) 


43.  What  feature  of  the  carbon  particles  in  India  ink*\aust  we  watch  for?  (12-26) 

44.  How  can  we  protect  India  ink  against  bacterial  contamination?  (12-26) 


45.    Why  is  serum  or  plasma  used  in  the  "hiss"  method  of  staining  capsules?  (12-27) 
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46.    How  is  spore  staining  achieved  when  using  the  Wirtz-Coriklin  staining  method?  (12-28) 


47.    What  is  the  purpose  of  the  hanging  drop  method  for  examining  wet  preparations?  (12-29) 


48.    What  is  the  differencTb^iween  flagellar  motion  and  Brownian  movement?  (12-29)  * 


CHAPTER  5 

Objective:  To  gain  an  understanding  of  the  Way  in  which^ntibiotics  arid  other  therapeutic  agents  affect 
bacteria;  and  to  learn  the  principles  of  measuring  microbial  sensitivity  or  resistance  to  drugs  in  the 
laboratory. 

1,   What  is  a  chemical  substance  produced  by  living  forms,  and  used  as  an  antimicrobial  agent,  called? 

(13-1)  v  *  ^ 


2.   What  is  meant  by  selective  toxicity  of  drugs?  (13-3) 


3.   Antimicrobial  agents  affect  bacterial  cells  by  disrupting  five  functions  of  the  cell.  What  are  these  five 
functions?  (13- 
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Is  an  antimicrobial  substance  which  inhibits  the  growth  of  an  organism  bacteriostatic  or  bactericidal? 
(13-9) 


The  cell  wall  building  block  of  bacteria  is  composed  primarily  of  what  chemical  substances?  (14-2) 


J 

What  is  the  primary  function  of  "peptide  linkage"  in  the  bacterial  cell?  (14-3) 


Is  the  osmotic  pressure  inside  the  bacterial  cytoplasmic  membrane  higher  or  lower  than  the  outside 
pressure?  (144) 


In  simple  terms,  explain  why  the  cell  wall  mucopeptides*function  imperfectly  when  a  cell  is 
subjected  to  an  environment  containing  cycloserine.  (14-6) 


Most  penicillins,  although,  similar  chemically,  differ  in  whjt  aspect  of  their  molecular  makeup?  (14-7) 


What  is  the  role  of  the  cytoplasmic  membrane  in  the  bacterial  cell?  (14-9) 


11.    What  explanations  have  been  given  for  the  action  of  an  antimicrobial  agent  on  the  cytoplasmic 
/membrane?  '(14-10) 


12.    Why  are  some  antimicrobial  agents  effective  against  pathogenic  fungi  and  not  bacteria?  (1442) 


13.    What  is  the  function  of  soluble  ribonucleic  acid?  (14-18) 


14.    What  is  the  purpose  of  the  messenger  ribonucleic  acid  in  the  bacterial  cell?  (14-19) 


15.    Which  refers  to  the  buildup  of  cell  constituents  from  simpler  substances,  anabolism  or  catabolism? 
(14-25)  m 


V  .  - 

16.    Which  of  the  below  is/are  competitive  analogs?  (14-27) 

a.  PABA. 

b.  PAS. 

G1*SMlfonamide. 


32 


17.    What  is  it  that  makes  many  Staphylococcus  organisms  resistant  to  penicillin?  (15-1) 


1.8.    Can  drug  tolerance  be  transferred  among  species?  (15-2) 


19.    What  two  major  genetic  mechanisms  within  a  bacterial  cell  allow  an  organism  to  develop  a  resistance  to 
a  particular  antimicrobial  agent?  (15-3) 


20.    What  is  the  difference  between  transformation  and  transduction  as  these  processes  take  place  in  a 
bacterial  cell?  (154,  5) 


21.    How  does  conjugation  ^iffer  from  transformation  and  transduction?  (15-4,  6) 


22.    Sensitivity  or  susceptibility  test  procedures  ate  based  on  what  two  principles  of  methodology?  (16-3) 


23.    What  methods  used  for  antibiotic  sensitivity  tests  yield  quantitative  results?  (16-6) 


1& 


24.*  Ideally,  what  are  the  six  properties  that  a  good  sensitivity  test  method  should  have?  (16-8) 

t 

*  •  •  ■ 

■  25.    What  are  the  variable  factors  in  sensitivity  testing  that  the  technician  must  try  to  control?  (16-9) 


f 

26.    Glucose  in  concentrations  greater  than  what  percent  may  interfere  with  some  antibiotic  sensitivity 
testing?  (16-11)  • 


27.    Why  is  a  heavy  inoculum  undesirable  when  streaking  for  sensitivity  testing?  (16-12) 

<  - 


28.    What  two  recognized  shortcuts  are  available  when  a  faster  than  routine  sensitivity  result  is  required? 
(16-15,  16) 


29.    Why  should  sensitivity  studies  be  read  for  results  within  18  to  24  hours  af£?r  inoculation?  (16-17) 


I. 

\  \ 
30.    What  is  the  difference  between  antibiotic  sensitivity  testing  and  antibiotic  assays?  (16-21) 
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v  ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES  ., 

_  CHAPTER  1 

'  .    "      •  *     •  .  . 

1 .  As  a  bacteriology  technician  and  "detective,"  I  must  be  able  to  gather  facts  about  the  morphology, 
physiology,  and  in-vitro  growth  of  bacteria,  I  need  to  interpret  what  I  see  and  sort  through  all  the 
information  gathered  in  the  laboratory  in  order  to  come  to  a  definite  conclusion  as  to  the  name  of  an 
organism.  (Intro.)  v  .  *  r — 1) 

2 .  He  stressed  the  use  of  boiled  water  for  irrigating  woun^and  the  importance  of  clean  hands  and  finger- 
nails of  the-'4surgeon."  (1-1) 

3.  Contacts,  fomites,  and  from  a  distance  (air  currents).  These  methods  of  spreading  contagious  material 
,  are  as  true  today  as  they  were  in  the  days  of  Fracastoro.  (1-3) 

4.  Spontaneous  generation  was  a  theory  that  living  organisms  could  originate  from  nonliving  materials. 
<      (2-1)  V 

5.  These  men  offered  proof  that  bacteria  could  be  excluded  from  many  materials  if  air  currents  did 
not  transport  airborne  bacteria  to  the  material.  The  use  of  sealed  "flasks,  cotton  or  ga  use  flask  plugs, 
and  the  swan-necked  flasks  helped  to  prevent  the  spread  of  contagious  material  into  the  sterile  material. 
The  disproving  of  this  theory  has  resulted  in  the  wide  use  of  the  sealed  containers  in  the  canning 
industry.  (2-2-5,8,9)  ' 

6.  The  Father  of  Bacteriology.  (2-9) 

7.  a.  Many  organisms  do  not  produce  a  human  disease  in  a  susceptible  animal.  ^ 

An  organism  at  times  needs  to  be  associated  with  another  organism  in  order  to  produce  a  disease. 
"  (2-11) 

_  CHAPTER  2 

1 .  Patient's  physician,  ward  nurse,  senior  medical  service  technician,  or  similar  personnel  assigned  to  the 

clinicW  authorized  to  prepare  SF  5 14  series.  (3-2) 

........  ^         f         ..     ^        ...    .      ...    .  ...... 

2.  The  container  should  be  properly  labeled  to  show  the  name  of  the  patient,  register  number,  ward 
location,  and  any  pertinent  identifying  data.  Double  check  to  see  that  the  container  label  and  request 
slip  show  the  same  information  and  that  the  two  are  from  the  same  patien£.  WefHpay  have  two  patients 
with  the  same  name.  Also  look  at  the  specimen  source,^6x,  and  procedures  requested-are  they  the 

same?  In  short,  be  positive  that  all  information  is  identical  and  plausible.  Paragraph  3-6  gives  some  rules 

■  ■'■»■ 

for  handling  cultures.  (34-6) 

3.  When  symptoms  indicate  circulatory  involvement,  such  as  chills,  fever,  or  convulsions,  (3-8)  •  5 

4.  The  specimen  source,  provisionsl  diagnosis,  and  any  antibiotic  therapy.  (3-1 1) 

5.  An  exudate  is  a  material  thafhas  passed  through  the  walls  of  vesselsinto  adjacent  tissues  or  areas  of 
inflammation.  It  can  be  collected  from  boils,  ear  infections,  eye  infections,  and  cases  of  urethritis. 
(3-12-14)  "     v       ■  ■'. 

6.  Food  handlers  in  public  restaurants  serve  many  people.  It  is  possible  for  them  to  harbor  various 
communicable  intestinal  organisms.  They,  themselves,  do. not  have  the  disease,  but  can  transmit  the 
organisms  tu  food  and  thereby  infect  a  great  number  of  people  with  para-typhoid  or  typhoid  fever. 
(3-15) 

7.  Sputum  is  a  secretion  brought  up  from  the  lungs  and  bronchial  tree.  Spittle  is  generally  saliva.  (3-21) 
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8.  You  are  trying  to  determine  the  organism  causing  an  infection.  If  we  touch  thesci  areas,  you  might  - 
pick  up  organisms  that  are  not  causing  the  throat  problem.  The  bacteria  in  the  mouth  are  probably 
normal  and  will  only  qause  confusion  in  the  isblation  of  the  pathogen  in  the  throat.  (3-23)         '  . 

9.  If  the  smear  is  made  first,  it  is  possible  to  contaminate  the  specimen  by  transferring  material  from  the 
slide  to  the  specimen.  Slides  are  not  generally  sterile.  Certainly  you  don't  want  to  add  organisms  to  the 
ones  on  the  swab.  This  invalidates  any  work  you  have*  done.  (3-24) 

10.  A  physician  might  suspect  that  an  organism  reported  on  a  urine  culture  is  a  contaminant.  He  has  , 
ordered  two  others  to  verify  the  presence  of  the  organism  in  the  urinary  system.  He  ma^  subsequently 
order  eolony  counts  to  check  the  number  of  organisms  present.  To  further  isolate  the  origin  of  the 

-   organisms,  he  might  order  a  series  of  catheterized  specimens  to  check  where  the'organism  might  be  in 
the  urinary  system.  (3-25) 

1 1 .  Of  course,  the  urine  must  be  a  clean  void.  Insure  that  the  patient  understands  how  to  cleanse  the 
geriitals  before  collecting  the  specimen.  The  first  part  of  the  specimen  can  indicate  a  urethral  infection; 
the  second  part-an  infection  of  the  bladder;  and  the  third  part  fro'm  the  anterior  part  of  the  bladder, 
givjs  a  specimen  of  urine  which  may  indicate  an  infection  in  the  ureters  and  'the  kidney.  (3-29) 

12.  The  contaminated  exterior  surface  constitutes  a  source  of  infection  to  the.handlers.  Highly  infectious 
•  material  should  be  carefully  handled .  If  it  comes  from  a  treatment  area,  it  should  be  wrapped  in  some 

manner  to  prevent  contaminating  a  whole  area  and  certainly  the  handlers.  After  you  have  cultured  it, 
autoclave  the  whole  package.  This  will  insure  tjiat  there  will  be  no  contamination.  (4-1) 

13.  "An  ounce  of  prevention  is  worth  a  pound  of  cure!**  It  helps  to  minimize  contamination  caused  by 
droplets,  and  aerosol,  and  kills  bacteria  which  fall  on  the  toweling.  This  prevents  contamination  again-of 
yon,  your  work  area,  and  your  coworkers.  And  of  course,  an  excellent  practice  is  to  wipe  down  the 
work'area  with  a  disinfectant  when  you  have  finished  your  work.  (4-4,  S) 

14.  a  That  the  tubes  are  fitted  with  a  tight  lid  to  prevent  contamination  pf  the  specimen  or  atmosphere.  •  1 

b.  That  the  tubes  are  not  chipped  or  cracked.  k 

c.  That  the  centrifuge  is  balanced. 
(4-6) 

15.  <l  Type  of  specimen.  _ 

b.  Source  of  specimen. 

c.  Analysis  desired. 

,   d%  Time  lapse  between  collection  and  inoculation. 
e.  Final  disposition  of  container.  x 

(4-9)  •       ■  . 

1 6.  The  three  approaches  which  might  be  taken  are: 

a  Allow  the  material  to  clot  and  then  culture  the  entire  clot.^ 

b.  Use  a.sterile  anticoagulant  to  prevent  the  material  frorp  clotting. 

c.  Perform  initial  inoculation  at  the  place  of  collection  to  avoid  clotting,  / 

17.  A  holding  media  has  many  advantages.  A  few  pf  these  are  as  follows: 
<l  To  prevent  swabs  from  drying  out. 

b.  Convenience  of  personnel  for  delivery. 

c.  Preserve  the  viability  of  the  bacteria. 

±  Maintain  ratio  of  bacteria  as  when  collected. 

a  To  ship  specimen.  ~ 

(4-16,17,32) 
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18.  (L  Specimens  may  dry  out,  allowing  many  of  the  bacteria  to  die. 

b.  Certain  fluids  will  change  pH  due  to  action  of  growing  bacteria.  This  change  in  pH  is  detrimental  to 
certain  organisms.        ■  j  V 

c.  The  original  ratio  of  bacteria  will  be  altered.  Fast  growing  nonpathogens  will  overgrow  slgw  growing 
pathogens.  This  may  give  a  false  indication  as  to  the  predominating  organism.  ' 

(4-18)  . 

19.  As  bacteria  are  frozen,  crystals  tend  to  form  within  the  bacterial  cell.  These  crystals,  in  turn,  may 
puncture  the  cell  and  cause  destruction.  Bacteria  must  be  frozen  under  controlled  conditions.  (4-23) 

20.  j  The  tubes  are  labeled  "acute"  and  "convalescent."  "Acute"  refers  to  the  specimen  collected  while  the 

disease  is  in  process.  "Convalescent"  refers  to  the  specimen  collected  after  the  disease  has  subsided  and 
antibodies  have  had  a  chance  to  build  up  within  the  body.  The  results  of  both  specimens  are  compared 
and  either  one  separately  has  no  meaning  in  relation  to^the  course  of  a  disease.  (4-24) 


21.  Theypietabolic  process  of  the  bacteria  is  slowed&o  a  pdint  where  multiplication  is  Almost  impossible.  This 
tends  to  retain  the  original  number  of  bacteria.  (4-27) 

22.  Chemical  preservatives  should  never  be  used  to  preserve  bacterial  specimens.  (4-29) 

23.  Phenol  is  absorbed  as  a  thin  fairly  durable*lilm  on  surfaces  to  which  it  is  applied.  A  residual  of  phenol 
serves  to  destroy  bacteria  far  several  hours  after  application.  (4-36)  ^ 

24.  Rinse  the  area  well  with  running  water,  wrap  with  sterile  gauze  or  suitable  material,  then  seek 
medical  aid. (4-41) 

25.  A  puncture  wound  is  usually  deeper  than  a  laceration  and  has  less  bleeding.  As  a  result,  bacteria  are 
forced  deeper  into  the  tissue  where  they  have  a  better  chance  for  survival.  (4-42) 

26.  A  needle  wound  is  more  dangerous  because  there  is  no  bleeding  and  microorganisms  may  be  forced 
deep  down  into  tissues.  Bleeding  washes  microorganisms  @ut  of  wounds  and  there  is  little  infection 
if  the  bleeding  is  stopped  aseptically .  (4-42) ' 

27.  Carelessness  and  negligence.  (4-43) . 

28.  Too  much  suction  and  dirty  pipettes.  (4-45,  ,46) 


29.  It  is  not  safe.  Most  people  have  a  habit  of  putting  things  down  for  a  while.  If  you  lay  a  cigarette  on  a 
laboratory  tabletop  you  run  a  great  risk  of  getting  an  infection.  Remember,  bacterial  contamination  is 
not  visible  to  the  naked  «ye.  (4-47)    #'  -  V.  *  ; 

30.  Yourself,  of  course.  Your  family,  in  that  you  might  take  an  infection  home  with  you.  Your  co-workers 
who  work  with  you.  And,  finally  other  members  ofthe  hospital  staff  and  patients  who  might  have  to 
come  into  your  work  arba.  (4-48)  > 

31.  Bacteriological  identification  requires,  that  pure  cultures  of  microorganisms  be  studied.  Unsterile 
material  will  contain  contaminating  organisms.  (5-1) 

32.  Sterilization.  (5-5) 

33.  Sterilization  means  the  complete  destruction  of  the  vegetative  and  spore  stages  of  organisms.  Disinfection' 
may  not  kill  the  spores,  thus  not  affecting  complete  sterilization.  (5-5 , 6) 

34*    An  agent  which  does  not  cause  immediate  death  of  an  organism,  but  rather  acts  to  prevent  multiplication 
of  the  organisms.  (5-8)  '  / 

35 .    Viability  means  the  ability  to  live.  A  viable  organism  is  capable  of  fulfilling  all  of  life's  processes.  (5-1 1) 

9»  t 
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36.  By  altering  either  the  physical  or  the  chemical  surroundings  of  the  organism  or  both,  thereby, 
affecting  its  life  processes.  (5*1 1 ) 

37.  Biochemical  behavior.  More  specifically ,  the  genus,  Bacillus  is  a  spore  producer  as  the  environment 
changes.  If  all  the  factors  are  not  favorable  to  growth,  cells  will  develop  spores  until  more  favorable 
conditions  are  available.  The  genus  Staphylococcus  does  not  develop  spores,  and  therefore  is  easily 
killed  by  disinfectants.  Bacillus  needs  to  be  sterilized  by  heat  and  pressure  (autoclaving).  (5*13) 

38.  At  the  end  of  the  stationary  and  all  of  the  senescent  phase.  (5-1 S) 

39.  Organic  matter  in  solution  with  bacteria  will  readily  combine  with  the  disinfectant.  As  a  result,  the 
bacteria  may  not  be  harmed  by  the  decreased  effectiveness  of  a  disinfectant.  You  may  have  to  use  a 
stronger  disinfectant  for  a  longer  period  of  time  to  actually  kill  the  bacteria.  (5-16, 18) 

40.  »  a.  Concentration  of  organisms. 

fi.  Concentration  of  disinfectant. 

c.  Temperature  of  disinfectant. 

d.  Presence  of  cells  in  the  culture  having  varying  susceptibilities. 
(5-17) 

41 .  a.  Water  reacts  with  the  protein.  (Denaturation) 

b.  The  altered  or  denatured  protein  coagulates  with  heat. 

(5-22)  , 

42 .  Time  and  temperature,  both  of  which  are  related  to  altitude  (pressure).  (5-23, 24) 

43.  The  Arnold  Sterilizer  uses  the  principle  of  Tyndall,  whereby  alternate  heating  and  incubation  destroy9 
%  vegetative  forms  and  allotf  spores  }p  germinate  to  vegetative  stages  and  then  to  be  destroyed  by 

successive  heating.  (5-28, 29) 

15  minutes,  121°  C.and  15  pounds.  (5*32) 

a.  Don't  overload  the  oven. 

b.  AJlow  plenty  of  room  for  the  hot  air  to  circulate  between  the  articles  and  the  walls  of  the  oven. 

c.  Follow  the  recommended  times  and  temperatures  for  the  oven.  It  might  also  be  suggested  that  you 
time  the  heating  cycle  after  the  oven  has  reached  the  t&nperature  recommended. 

a.  /Berkefield— "infusorial  earth." 

b.  Chamberland-k'unglazed  porcelain."  m  » 

c.  Pyrex  brand-"fritted  glass." 

,    d  Seitz  filters-"compressed  asbestos  pads." 
(5-38) 

47.  A  filter  achieves  sterilization  By  absorbing  microorganisms  on  the  surfaces  of  the  filter.  Therefore, 
you  must  be  sure  the  filter  is  sterile  prior  to  its  use.  (5-40) 

48.  a.  Surface  layer. 

b.  Nuclear  material. 

c.  Enzyme  systems. 
(542) 

49.  Surfactants  coat  the  cell  wall  of  the  bacteria  and  prevent  it  from  absorbing  or  utilizing  nutritional  . 
materials.  (5-44) 

50.  lc,2e,36,4d,  5a.(5-44-62) 

51.  Bromine.  (5-51) 

52.  Gram-positive  bacteria.  (5-55) 


V44- 

4S. 


46. 
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53.  Anionic,  cationic,  and  nonionic.  (5-55) 

54.  Detergents  are  strong  surface  active  agents.  They  are  nonirritating  and  in  fairly  weak  solution  are  still 
effective  against  vegetative  forms  of  bacteria.  They  act  to  precipitate  various  proteins  and  agglutinate 
bacteria.  The  detergents  are  relatively  mor^  bacteriostatic  than  bactericidal.  They  are  essentially 
three  types— anionic,  cationic*  and  nonionic.  (5-55) 

55.  lc,  2a,  3b.  (5-56-58) 

56.  Acid  such  as  sulfuric,  Or  a  base  such  as  sodium  hydroxide  can  be  added  to  a  70  percent  ethanol  solution 
increases  its  effectiveness,  (5-61) 

57.  Ethylene  oxide,  (5-67) 

58.  Five  percent.  (5-69)  .  . 

59.  Decrease.  (5-69) 

60.  Phenol  (carbolic  acid).  (5-71)  .  ^ 

i 

61 .  We. must  use  a  single  kind  of  media:  a  single  environment  for  growing  the  bacteria  and  the  temperature 
must  be  the  same.  (5-72) 

62.  Only  when  all  conditions  and  procedures  in  the  test  are  standardized  and  controlled.  (5-73) 

63.  An  emulsified  disinfectant* or  a  liquid  disinfectant  containing  a  wetting  agent.  (5-76) 

64.  To  prevent  hospital-borne  infection,  we  must  use  aseptic  techniques  as  routinely  as  possible.  Also, 
the  hospital  must  have  a  program  of  aseptic  testing.  (5-77) 

65.  The  Hospital  Infection  Committee.  (5-78) 

66.  <l  Use  o£iieat-sensitiye  indicators. 

b.  Testing  the  equipment,  itself,  by  culturing. 

c.  Use  oripore  strips  or  ampules.  (5-80) 

W^^e  spore  s^ip  method.  (5-80,83) 

68.  Noneffective.  (5-83-86)  g 

69.  55°  C.  (5-85) 

70.  All  organisms  in  the  culture  must  be  identified.  If  they  are  saprophytes,  the  room  is  clean  and  can  be 
used  for  the  next  patient.  If  we  isolate  pathogens,  which  may  be  from  the  previous  patient,  the  room 
must  be  cleaned  and  disinfected  again  and  the  room  recultured  to  maJce  sure  that  all  the  dangerous 
organisms  have  be£n  killed.  (5-86) 

71 .  Sampling  technique  must  be  standardized  because  no  hospital  is  sterile,  and  a  certain  number  of 
potential  pathogens  such  as  Staphylococcus  aureus  will  be  found  on  floors  at  all  times.  Your  testing 
will  indicate  the  number  of  organisms  present  when  the  floor  is  clean,  and  an  increase  would  indicate 
the  need  for  additional  cleaning.  If  your  tests  indicate  a  change  in  organisms  present  on  the  floor  and 
these  were  similar  to  the  pathogens  of  a  previous  patient,  it  would  indicate  a  need  for  recleaning. 
(5-87,88)  *   '     '  % 

72.  Be  careful  and  thorough  in  all  your  technical  work!  It  is  important  to  examine  your  procedures  and 
techniques  to  be  sure  that  you  are  doing  all  you  can  to  isolate  organisms.  You  must  be  careful  to  insure 
that  you  are  helping  to  solve  a  problem  and  not  contributing  to  it.  (5-93) 

:  L 
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CHAPTER  3 


taxis  is  an  "arrangement."  In  our  frame  of  reference,  it  \\ould  be  an  orderly  arrangement  or  sorting  of 
jcroorganisms  within  an  organized  classification  system.  (6*2)  *  ^ 


1.  A 
microorganisms 

2.  All  known  properties  of  an  organism.  The  properties  include,  shape, "grouping;  motility,  Gram-stain 
reaction,  and  growth  requirements.  These  fall  into  roughly  three  categories-morphology,  physiology  of 
life  processes,  and  a  miscellai^eous  group  of  characteristics.  (64) 

3.  a.  Kingdom. 
b.  Phylum. 

C.  Class.  ^ 

d.  Order. 

e.  Family. 

/.  Tribe.  %  * 

&  Genus. 

(6-5,6) 

« 

4.  a.  Bacillus  -  genus. 

b.  subrilis-species.  * 
t.  niger-  variety. 

(6-7.12) 

5.  First, you  would  gather  all  available  data  about  the  organism  such  as  morph9logy,  behavior  on  laboratory 
culture,  antigenic  makeup,  and  other  specific  facts.  Then,  correlate  this  information  with  data  of 

*■  **type  species"-morphologically  similar  genera.  This  would  usually  atyow  you  to  decide  what  genus 
your  isolate  belongs  in.  If  there  is  still  doubt  as  to  the  identity  of  the  unknown,  you  should  work 
with  a  reference  laboratory  to  double  check  your  data.  The  finding  of  a  previously  unknown  bacterium 
in  the  clinical  laboratory  is  a  rarity.  (6-9) 

6.  A  strain  or  variety.  (6-12) 

7.  Family.  (6-13) 

8.  Morphological  characteristics  include  size,  shape,  and  arrangement  of  cells  and  internal  cellular 
structures.  (6-18) 

9.  Spherical— coccus,  rod-shaped— bacillus,  spiral-shaped— spirillum,  (Table  4) 

10.  Autotrophic,  heterotrophic,  heterotrophs.  (6-20-22) 

11.  Micron.  (7-2) 

12.  Nucleus.  (Fig.  15;  Table  5) 

13.  Peritrichous.  (Fig:  17) 

14.  Palisade  formation  (74;  Table  6;  Fig.  17) 

1 5 .  Gaffkya,  SarciruL  (7-6;  Table  6) 

16:    cl  Occurs  singly.  - 
(    b.  Occurs  in  pairs  attached  end  to  end. 

c.  Occurs  in  chains  attached  end  to  end. 
<L  Occurs  as  rows  of  bacilli  -  side  by  side.  (Table  6) 

17.    cl  Mutation.  Change  within  the  genetic  structure  of  cells  in  a  culture. 

b.  Adaptation.  Change  in  appearance  or  behavior  influenced  by  environmental  factors.  (7-9) 
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18.  Spontaneous  mutation.  (7-10) 

19.  First,  you  would  see  that  a  vast  number  of  bacteria  that  were  plated  did  not  grow.  In  fact,  you  might 
observe  slow  growth  on  the  plate.  In  time,  however,  you  would  see  isolated  colonies  of  the  resistant 
bacfteria.  This  exact  phenomenon  is  seen  in-vivo  also.  The  patient  may  be  seen  to  improve  after  treatment 

*       and  then  relapse  due  to  the  increased  growth  of  a  resistant  strain.  (7-10) 

20.  Adaptation.  (7-1 1)  u 

21.  A  variation  in  the  naturally  pccuring  size  and  shape  of  a  particular  bacterium.  (7-13) 

22.  a.  Nutrition.(proper  food). 
b;  Moisture. 

c.  Acidity/alkalinity  (pH). 

d.  Temperature. 

e.  Gas  exchange. 
(8-3) 

23.  Mesophilic.(8-7) 

>  24.    An  organism  which  prefers  to  grow  as  an  anaerobe,  but  can  adapt  to  aerobic  conditions.  The  vast 

majority  of  medically  significant  bacteria  are  in  this  category.  (8-12)  £ 

25 .  An  organism  for  which  oxygen  is  toxic,  except  in  minute  amounts.  (8-14) 

26.  Shape,  outline,  size,  and  texture.  (8-15) 

27.  Spread  out.  (8-17) 
28..  Texture:  (8-2 1) 

29.  Mucoid.  (8-21) 

30.  An  S-type  colony  is  smooth,  translucent,  convex,  glistening,  and  circular  in  appearance.  An  R-type 
colony  is  generally  dull,  less  translucent  than  an  S-type  colony,  and  has  an  irregular  edge  with  a  wrinkled 
or  rough,  granular  surface.  (8-22, 23) 

3 1^   Very  definitely!  Colonies  on  dye-free  media  are  white  or  gray  and  opaque  or  translucent.  However, 

pigment-producing  organisms  on  different  dye  containing  media  will  produce  color,  depending  upon  the 


specific  media.  From  your  own  experience,  yojn  know  this  is  true  in  enteric  work.  For  instance,  an 
£  coli  will  show  different  colony  colors  when  plated  on  EMB  agar -green-gold  metallic  sheen,  MacConkey 
Agar-pink  to  red,  and  blood  agar -gray  white.  (8-24) 

32.  Leukobases,  lipochromes.  (8-25)  4 

33.  Brewer  anaerobic  jar,  Pyrogallol  anaerobic  technique  (Bray  dish  or  filter  paper),  and  thioglycollate 
medium.  (8-28, 30-35)  *  . 

34.  2  to  3  percent.  (8-29) 

35  .    Any  culture  medium  should  have  sources  of  organic  or  inorganic  carbon,  nitrogen,  and  inorganic  salts. 
But  other  substances-blood,  serum,  amino  acids,  or  vitamins-may  also  be  necessary.  (9-3) 

36.  Carbohydrates  are  detrimental  in  a  culture  medium  when  we  are  trying  to  study  formation  of  hemolysins. 
(9-*) 

37.  1.5  to  2.0  percent.  (9-5) 

38.  Basal,  enriched,  isolation,  and  biochemical.  Isolation  media  may  be  either  selective  or  differential  in 
their  actions.  (9-9) 
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39.  A  basal  medium  contains  only  basic  ingredients  needed  tor  the  growth  of  nonfastidious  organisms.  An 
enriched  medium  is  a  basal  medium  which  has  certain  enrichment  materials  added,  as  needed,  to  grow 

specific  faitidious  organisms.  Isolation  media  are  basal  media  to  which  specific  (usually  inhibitory)  -  ~n 
agents  have  oteen  added  as  an  aid  to  obtaining  a  pure  culture  of  an  organism  from  a  mixed  population,  ) 

(9-9-12) 

40.  Differential  media  distinguish  between  closely  related  bacteria  on  the  basis  of  fermentation  reactions  or 
the  production  of  metabolites  whose  presence  can  be  detected  by  a  color  change  in  the  medium.  Selective 
media  contain  an  additive  which  permits  one  bacterial  species  to  grow  while  simultaneously  inhibiting 
the  reproduction  of  contaminating  organisms.  (9-13, 14)  J 

41 .  Because  watfer  which  has  been  stored  for  a  long  tiifie  absorbs  enougn  gases  from  the  air  during  storage  ( 
to  alter  the  pH  of  the  finished  medium;  therefore,  it  is  best  to  use  fresh  distilled  water.  (9-17) 

42.  a  (3)!  ,  .  . 
b.  (1). 

<k  (4).  .       *  " 

d  (2). 
e.  (7). 
x     /  (5).  • 
(9-17-24)  • 

43.  (L  Bubbles  tend  to  fclspring"  wire  loops,  thereby  offering  a  chance  for  bacteria  to  become  airborne. 
b.  Media  surfaces  may  be  cut  by  the  loop,  and  in  so  doing,  be  wiped  ffee  of  most  bacteria.  (9-27-29) 

44.  The  agar  base  was  allowed  to  cool  dQwh  too  much  before  adding  blood  and  pouring  into  plates.  A 
lumpy  medium  does  not  have  an  even  distribution  of  nutrients  and  enrichment  materials,  thereby 
giving  pour  culture  results  and  erroneous  hemolytic  reactions.  The  same  organism  may  give  us 
several  different  reactions  on  the  same  plate.  It  is  also  hard  to  streak  a  plate  with  lumpy  surfaces.  (9-31 ) 

45.  Absolutely  never!  All  plates  should  be  inverted  and  inSibated  at  least  18  hours  to  check  for  sterility. 
Otherwise,  we  cannot  be  sure  that  airborne  contaminants  have  not  been  deposited  on  the  medium  \^  "\ 
surface.  The  finest  sterile  technique  cannot  preclude  .this  eventuality.  (9-37) 

46.  No!  Excessive  moisture  enhances  the  possibility  of  contamination  yourself  and  the  entire  laboratory 
during  plate  streaking.  Moreover,  a  film  of  water  or  water  droplets  makes  it  difficult  to  obtain  isolated 
colonies  of  bacteria.  (9-37) 

47.  a.  Inhibits  the  actional'  penicillin  and  streptomycin  irkspecimenslrom  patients  who  are  taxing  these 

drugs. 

b.  Has  bacteriostatic  action  and  can  be  effectively  used  to  inhibit  staphylococci  when  we  are  trying  to 
isolate  streptococci. 

c.  This  bile  salt  inhibits  growth  of  Gram-positive  bacteria.  It  will  also  suppress  the  motility  of 
flagellated  bacteria. 

d.  Retard^  growth  of  most  Grarn-negative  bacteria.  It  is  especially  useful  when  trying  to  isolate 
C  diphtheriae. 

e.  Can  be  used  to  eliminate  contaminating  organisms.  Especially  useful  in  fungus  cultures. 
(9-38^7)  *  ' 

48 .  The  ability  of  a  specific  organism  to  attack  and  break  down  a  particular  carbohydrate  is  a  usefjil 
characteristic.  By  carefully  selecting  the  test  carbohydrates,  we  can  obtain  a  pattern  of  fermentation 
reactions  whicji  are  characteristic  of  specific  organisms.  (9-49, 50)  - 

49.  Lactose,  sucrolfr,  and  glucose.  (9-51)  * 

50.  Indole.  (9-55)  "  *- 
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51.  The  MR  test  measures  the  ability  of  an  organism  to  produce  acids  from  dextrose.  These  acids  are  not 
further  broken  down,  Hence,  the  Methyl  Red  (MR)  indicator  registers  a  change  of  pH  in  the  culture. 
The  Voges-Proskauer  (VP)  procedure  tests  the  ability  of  an  organism  to  produce  a\i  acid  from  dextrose, 
but  rhe  acid  (p>  ruvic)  is  then  converted  to  a  neutral  end  produce,  acetytanethyi-carbonal.  (9-57, 58) 

52.  Gelatin  liquifaction.  (9o9) 


53.    Lactose.  (9-62) 
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CHAPTER  4 


I     How  to  separate  pathogenic  microbes  irom  harmiess  organisms  with  which  they  grow  in  close  * 
association  in  nature.  As  sirnpie  as  this  may  sound,  this  is  one  of  the  most  perplexing  problems  in 
diagnostic  bacteriology.  (Intro.)  * 

2.  As  jhe  wire  loop  is  streaked  back  and  forth  across  the  plate,  fewer  and  fewer  organisms  are  deposited 

on  the  medium  surface.  Eventually  only  single  cells  are  deposited.  The  single  cells  can  then  multiply  into 
well-separated,  pure  colonies  which  can  be  subcultured  for  identification.  (10-3) 

3.  A  mixed  culture  subcultured  to  a  broth  or  agar  medium  will  yield  atypical  results  when  used  in 
biochemical  tests,  (104, 5) 

4.  Pour  plates  are  most  useful  to  determine  the  type  of  hemolysis  produced  by  strains  of  streptococci,  ; 
especially  the  "0"  hemolysin  of  beta  hemolytic  Streptococcus.  (10-8) 

*■ 

5.  Drain  it  off!  If  the  slam  is  too  wet,  resulting  growth  will  not  be  characteristic  of  thfc  species,  (10-1 1) 

6.  d  Liquid  broth  culture:  Used  to  maintain  viability  of  an  organism.  • 

b.  Slant  culture:  Used  in  biochemical  tests  as  well  as  to  maintain  stock  cultures  in  the  laboratory. 

c.  Stab  culture:  Also  used  in  biochemical  tests  especially  for  anaerobic  organisms. 
(10-9  12) 

7.  It  allows  for  growth  or  isolated  colonies  from  those  specimens  which  contains  large  num  tier /of 

bacteria.  Diluting  the  specimen  with  a  known  volume  of  fluid  also  permits  us  to  estimate  accurately 

the  number  of  bacteria  present  in  a  heavily  contaminated  specimen,  (10-13) 

* 

8.  The  membrane  is  placed  on  a  plate  of  conventional  nutrient  agar.  Nutrients  necessary  to  the  growth 
of  bacteria  are  absorbed  through  the  membrane  by  the  growing  colony.  (10-14) 

9.  Blood  agar  aids  in  detecting  nexnolysin-producing  organisms,  differentiates  between  types  of  hemolysis, 

and  furnishes  the  nutrients  required  by  many  fastidious  pathogenic  bacteria.  (1 1-3) 
r 

10.  There^re  two  acceptable  methods:  one,  make  two  or  three  cuts  in  the  heavily  inoculated  area  of  the 
plate,  or  alternately,  place  a  sterile  coverslip  4n  an  area  of  the  streaked  plate  to  provide  anaerobic 
conditions  on  theagar  surface  under  the  coverslip,  ( 1 14)    »  ,  \ 

1 1 .  To  isolate  enteric  organisms  which  might  be  found  on  occasion  in  the  throat  or  nasopharyngeal  area, 
especially  in  young  children.  (1 1-9) 

I  J.  First,  we  would  set  up  onr  routine  smears  and  cultures.  SeicOnd,  we  would  start  our  AFB  procedures. 
Prov^sing  must  be  done  in  this  order,  because  the  drastic  digestion  and  concentration  techniques  for 
the  tubercle  baciliu*  uesuoy  other  microorganisms.  (11-13) 

1 3     We  must  alv:i>  s  be  caret ui  wnen  handling  infectious  material.  A  hood  is  strongly  recommended  when 
handling  Ar*B  specimens.  Also,  it  helps  to  dip  the  loop  in  phenol  before  flaming  it.  This  reduces  con- 
.   lamination  from  sputtering  as  the  sputum  incinerates.  ( 1 1  -15)  ^ 
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14.  Concentration  procedures  free  mycobacteria  from  the  tissue  particles  in  which  they  may  be  lodged.  The 
digestion  of  tissues  which  takes  place  during  concentration  also  destroys  organisms  other  than  the  ■ 
tubercle  bacillus,  so  that  the  contaminants  won't  overgrow  the  TB  germ  during  incubation  on  isolation 
media.  (11-16)  - 

15.  It  allows  digestion  to  proceed  slowly  on  those  specimens  which  cannot  be  processed  right  away.  It  is 
useful  on  specimens  having  large  quantities  of  mucous.  It  can  be  used  to  mail  specimens.  Tubercle 

'  bacilli  remain  viable  after  a  week's  exposure.  (1 M9) 

16.  Middlebrook  7H10  agar  requires  a  2-  to  5^percent  C(>2  incubator,  candle  jar,  or  by  sealing  the  cultures  in 
a  plastic  bag  with  a  culture  of  ML  phleL  (1 1-24)  "~ 

17.  Heparin.(ll-27) 

1 8 .  Cryptococcus  neoformans.  ( 1 1  -29)  0 

19.  Exudates  can  contain  any  ofthe  most  commonly  isolated  microbes  pathogenic  to  man.  Therefore,  we 
must  know  the  anatomical  site  of  th^body  from  where  the  specimen  was  collected,  and  the  morphology  of 
the  organisms  as  seen  on  direct  smearfbefore  we  can  decide  what  media  to  use  to  culture  the  specimen. 
(11  31-33)  °  ^     *  \ 

20.  If  100,000  bacteria  or  more  per  milliliter  are  isolated  from  a  "qlean"  or  "midstream"  voided  urine,  a  ^ 
disease  process  is  indicated,  CounTs  ranging  from  10,000  to  100,000  suggest  an  infection.  A  count  of  °  «% 
less  than  10,000  per  ml,  of  urine  is  generally  considered  insignificant.  (1 1-36) 

21.  64  X  10  X  1000  =  640,000  mL(l  1-38) 

22.  *  Tannic  acid  (2  to  3  g.)  should  be  added  and  the  entire  solution  mixed.  The  mixture  should  then  be 

placed  in  the  refrigerator  overnight  (or  for  12  hours).  A  brown  precipitate  will  form  which  will  contain 
the  organism.  After  centrifugation,  the  sediment  is  ready  to  inoculate  to  media  and  prepare  smears.  (1 1-41) 

23 .  These  broths  will  inhibit  the  growth  of  saprophytes  while  allowing  the  pathogens  to  grow.  This  allows 
for  the  recovery  of  pathogens  when  a  very  few  such  organism  are  present.  (1 1-45)  * 

24.  There  are  a  great  number  of  media  which  you  can  use  to  culture  stool  specimens.  Suspicion  of  what  may 
have  caused  a  patient's  condition  will  give  you  a  better  idea  of  what  media  to  use.  Knowing  what  the 
clinical  symptoms  are  might  help  you  to  decide  what  genera  of  organism  you  are  dealing  with.  Ask  the 
physician-then  decide.  You  may  use  your  usual  routine  primary  media  or  a  specific-highly  inhibitory - 
media,  or  both.  Besides  the  use  of  ah  enrichment  broth,  primary  plating  some  of  the  original  specimen 
will  save  time  if  you  find  suspected  organisms  on  the  plates  as  isolated  colonies.  These  colonies  can  then 
be  picked  and  restreaked  for  purification  and  confirmatory  culture  steps.  (1 1-46-49) 

t 

25.  For  the  cultivation  of  Streptococcus  faecalis  organisms.  (1 1-51) 

26.  You  can. overcome  the  bacteriostatic^  effect  of  a<lrug  by\\)  limiting  the  inoculum  to  less  than  5  percent 
of  the  total  culture  fluid  volume  (dilution  will  lower  the  drug  concentration  below  an  inhibitory  level); 
(2)  adding  5  mg.  %  PABA  to  counteract  sulfonamides;  (3)  incorporating  the  enzyme  penicillinase 

to  inhibit  penicillin  or  streptomycin;  or  (4)  waiting  and  hoping  that  the  natural  deterioration  of  a  drug 
during  the  incubation  period  will  let  the  bacteria  grow.  (1 1-57) 

27.  This  type  of  smear  generally  is  diagnostic  of  gonorrhea.  You  should  also  culture  some  t>f  the  secretion  on 
blood  agar  antflchocolate  agar  under  C02  to  Confirm  the  presence  of  Neisseria  gonorrheal  (11-59;  Fig.  4()) 

28.  It  is  very  important  to  know  the  origin  of -the  specimen.  You  should  consult  with  tlie  pathologist  or 
surgeon  to  insure  that  you  know  what  organisms  might  be  expected  in  the  "specimen  based  on  clinical 
evidence.  The  use  of  thioglycollate  medium  is  certainly  important  to  try  to  isolate  both  anaerobes  and 
aerobes.  Stairied  smears  are  definitely  helpful  in  determining  the  choice  of  media  or  culture  conditions. 
(11-61-63)  • 
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29.  a.  Always  use  clean  slides. 

b.  Make  more  than  one  slide  of  a  specimen.  •      •  * 

c.  Air  dry  the  spiear  completely.  * 
(124)  <> 

30.  Place  a  drop  of  normal  saline  on  the  slide,  then  emulsify  the  material  on  the.  swab  and  smear  the  rtiaterial 
evenly  over  the  slide  surface.  (12*7) 

31 .  We  fix  a  slide  by  passing  it  through  the  flame  of  a  bunsen  burner  two  or  three  times.  It  should  be  warm 
to  the  touch-not  HOT!  Heat -fixing  makes  the  bacteria  stick  to  the  slide  so  they  don't  wash  off  during 
staining.  Overheating  will  char  the  bacteria  and  alter  their  staining  properties.  (12-10) 

32.  Ghromophore.  (12-12) 

33.  Mordant.  (12-13)  ■„  .  v  '  * 

34.  The  direct  stair*  stains  the  microorganisms°togive  general  characteristics  of  cell  morphology,  whereas 
the  indirect  stain  merely  colors  the  background  leaving  the  organism  unstained  and  contrasted  against 
the  background.  (12-14) 

35.  Selective  stain.  (12-14) 

36.  It  means  that  cellular  constituents  are  concentrated  at  both  ends  of  the  cells  and  stain  more  intensely  or 
accumulate  dye  to  a  greater  extent.  Bipolar  staining  shows  that  the  organism  is  characterized  by  a 
concentration  of  cellular  elements  at  both  ends  of  the  cefl^elements  that  stain  more^intensely  than  the 
cytoplasm.  (12-15)  \  ■ 

37.  Concentration  of  dye.  the  concentration  of  the  bacteria  on  the  slide,  and  the  length  of  time  that  the 
stain  is  in  contact  ^with  the  bacteria.  (12-16)  * 

38.  Within  the  ribonucleic  acid  component  of  the  cytoplasmic  membrane.  (12-19) 

39.  Gram-negative.  (12-21) 

40.  Smears  were  not  properly  air-dried  before  heat -fixing  and  the  debris  is  a  result  of  precipitated  protein 
material  carried  over  from  the  culture  or  specimen.  (12-22) 

41 .  The  phenol  serves  as  a  carrier  of  the  fuchsin  dye  in  penetrating  the  lipid  layer  of  the  cell.  (12-24) 

42.  The  Ziehl-Neelsen  stain  uses  heat  to  force  the  stain  into  the  cell,  whereas  the  Kinyoun  method  uses  a 
surface  tension  reductant  such  as  tergitol.  (12-25)  ^ 

43.  The  finer  the  carbon  particles  in  India  ink,  the  better  the  ink  is  for  the  negative  staining  procedure. 
(12-26)  .      -  •  * 

44.  By  adding  phenol  in  a  0.5-percent  concentration  by  volume  to  the  India  ink.  (12-26) 

45 .  The  serum  or  plasma  causes  the  capsule  to  swell  and  allows  easier  penetration  of  the  dye.  ^12-27) 

46.  The  dye  covered  smear  is  steamed  and  the  heat  drives  the  stain  into  the  spore  coat.  (12-28) 

47.  To  observe  motility  of  living  microorganisms.  (12-29)  s 

48.  Flagellar  motion  is  generally-directional  movement  in  which  the  individual  cell  moves  from  one  place  to 
another.  Brownian  movement  is  a  vibratory  motion  of  a  bacterial  cell  in  a  limited  fixed  position  caused 
by  molecular  bombardment.  (12-29)  m  . 

CHAPTER  5 

1.    Antibiotic.  (13-1) 
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2.  The  term  '"selective  toxicity'*  describes  a  concept  of  destroying  or  suppressing  the  growth  of  pathogenic 
microbe*  b$  antimicrobial  agents  that  do  not  injure  the  tissues  of  the  human  host.(13-3) 

3.  (a)  (ell  wall  formation*  (b)  cytoplasmic  membrane  function,  (c)  protein  synthesis,  (d)  nucleic  acid 
metabolism,  and  (e)  intermediary  metabolism,  (13-7) 

4.  Bacteriostatic.  (13-9) 
V    Mucopeptides.(  14-2) 

*  '  •  ' 

6.  The  peptide  linkage  between  amino  acids  permits  the  union  of  these  acids  to  form  larger  molecules  of  ' 
nitrogenous  substances  such  as  polypeptides  and  proteins.  (14*3) 

7.  Higher.  ( 14-4) 

8.  Cycloserine  molecules  resemble  molecules  of  the  amino  acid  alanine.  The  bacterial  cell,  not  able  to  tell 
the  difference,  picks  up  the  cycloserine  molecule.  It  does  not  function  asVell  as  the  alanine  molecule. 
Therefore,  cell  peptide  formation  and  possibly  other  reactions  involving  alanine,  are  blocked.  (14-6) 

9.  They  differ  in  the  chemical  composition  of  their  side  chains.  ( 14-7) 

10.    It  provides  a  barrier  that  regulates  the  flow  of  fluids  and  metabolites  into  and  out  of  the  cell.  It  may 

also  aid  in  the  svnthesis  of  other  cell  structures.  ( 14-9) 

t      '  % 
I  I .    .The  antimicrobial  agent  combines  with  a  vital  part  of  the  merpbrane,  thereby  altering  the  membrane's 

ability  to  move  material  into  and  out  of  the  cell!  There  ma^also  be  a  loss  of  selective:  permeability  such 

that  some  of  the  internal  components  can  leak  out  of  the  WljLf  14-10) 

12.  \  The  fungi  have  a  steroPcomponent  in  their  cytoplasmic  membrane  with  which  the  antimicrobial  agent 

can  act.  The  bacteria  do  not.  (14-12)  v 

13.  Soluble  RNA  serves  as  a  transport  medium  between  raw  materials  (amino  acids)  and  the  protein 
manufacturing  site  of  the  cell.  (14-18) 

14.  MjfSsenger  RNA  transmits  from  the  nuclear  DNA  to  the  ribosome,  the  necessary  genetic  coding 
instructions  fdr  making  protein,  ( 14-19) 

15.  AriaboIisrfl,(l*-24)  '  .   ,  '  "* 

16.  b.  P^A,andc  sulfonamide.  (14-27) 

1 7.  The  celts  produce  an  enzyme,  penicillinase,  that  breaks  down  penicillin.  (15 -1) 

18.  In  many  species 4rug  tolerance  can  be  transferred  betwee^  cells.  (15-2) 

19. -    Spontaneous  mutation  and  the  exchange  of  genetic  material  between  cells.  (15-3) 

*  .  ■  ■ 

20.  Transformation  is  the  process  whereby  one  cell  takes  up  the  nuclear  elements  (genes)  derived  from 
another.  Transduction  is  the  transfer  df  genetic  material  from  one  cell  to  another  with  the  help  of 
bacteriophages  (viruses),  (154,5) 

2 1  With  conjugation,  genetic  material  is  passed  directly  from  one  cell  to  another  during  physical  contact. 
With  transformation  and  transduction,  the  transfer  of  material  is  indirect,  not  requiring  that  two  cells 
have  physical  union.  (15-4-6)  .  t 

22.  Dilution  and  diffusion  of  the  antimicrobial  agent.  (16-3) 

23.  Dilution.  (1 6-6) 
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24..  a.  A  distinct  end' point.  i 

b.  Applicable  to  all  therapeutic  drugs,  :fS;' 

c.  Suitable  for  use  with  all  pathogens.  -  : 
</.  Give  resuljts  in  a  short  time. 

e.  Permit  recognition  of  pathogens  as  opposed  to  contaminants. 

/  Differentiate  strains  which  are  morphologically  similar. 

(164)      .  •     ,  - 

25.  a.  pH  of  media. 

6.  Composition  of  media.  4 

c.  Size  and  nature  of  inoculum. 

d.  Incubation  time. 

e.  Growth  requirement  differences. 

f.  Drug  stability.  *  *  " 
(16-9)                   ,  / 

26.  05.  (16-11) 

27.  A  heavy  inoculum  may  provide  enough  organisms  to  neutralize  the  antibiotic  and  overgrow  a  zone  of 
inhibition,  thus  giving  a  false-negative  sensitivity  reaction.  (16-12)  r 

28.  a.  As  soon  as  colonies  appear  on  plating  media  macroscopicaily  they  can  be  subcultured  for  sensitivity 

testing  before positive  identification  is  made. 
b.  Sensitivity  discs  can  be1  applied  directly  to  a  plate  streaked  with  the  original  clinical  specimens. 
(16-15,16) 


29.    After  24  hours,  growth  may  be  so  great  as  to  obscure  some  sensitivity  results.  (16-17) 
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1.  MATCH     ANSWER  2.  USE     NUMBER  1 

STOP-  SHEET    TO    THIS  PENCIL. 


EXERCISE  NUM- 
BER. 


90412    01  21 

VOLUME  REVIEW  EXERCISE 


Carefully  read  the  following: 
DO'S 

1 .  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer  sheet  address  tab  against  the 
"VRE  answer  sheet  identification  number"  in  the  righthand  column  of  the  shipping  list.  If  numbers 
do  not  match,  take  action  to  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with 
a  note  of  explanation. 

2.  ,  Note  that  numerical  sequence  on  answer  sheet  alternates  across  from  column  to  column. 

3.  Use  only  medium  sharpl?  1  black  lead  pencil  for  marking  answer  sheet. 

4.  Circle  the  correct  answer  in  this  test  booklet.  After  you  are  sure  of  your  answers,  transfer  them  to 
the  answer  sheet.  If  you  have  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is 
complete.  Use  a  clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 


6.     Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 


7.     If  mandatorily  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor. 

If  voluntarilvjtniolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 
DONT 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. . 

\  ^ 

4.  Don't  use  ink  or  any  marking  other  than  with  a  #  1  black  lead  pencil. 

Note:  The  3-digit  number  in  parenthesis  immediately  following  each  ite,m  number  in  this  Volume 
Review  Exercise  represents  a  Guide  Number  in  the  Study  Reference  Guide  which  in  turn  indicates 
the  area  of  the  text  where  the  answer  to  that  item  can  be  found.  For  proper  use  ofthese  Guide 
Numbers  in  assisting  you  with  your  Volume  Review  Exercise,  read  carefully  the  instructions  in 
the  heading  of  the  Study  Reference  Guide. 
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Multiple  Choice 

Note:  The  first  three  items  in  this  exercise  are  based  on  instructions  that  were  included  with  your  course 
materials.  The  correctness  or  incorrectness  of  your  answers  to  these  items  will  be  reflected  in  your  total  sqpre. 
There  are  no  Sttidy  Reference  Guide  subject  -area numbers  for  these  first  three  items. 

1 .    If  I  tape,  staple  or  mutilate  my  answer  sheet;  or  if  I  do  not  cleanly  erase  when  I  make  changes  on  the 
sheet;  or  if  I  write  over  the  numbers  and  symbols  along  the1  top  margin  of  the  sheet, 

a .  my  answer  sheet  will  be  unscored  or  scored  incorrectly.  ■*  ^ 

b.  1  will  be  required  to  retake  the  VRE. 

c.  my  answer  sheet  will  be  hand-graded. 

d.  I  will  receive  a  new  answer  sheet. 

«^». 

•2.    So  that  the  electronic  scanner  can  properly  score  my  answer  sheet,  I  must  mark  my  answers  with.a 

a .  pen  with  blue  ink.  'c.  ball  point  or  liquid-lead  pen. 

b.  number  1  black  lead  pencil.  d.  pen  with  black  ink. # 

3.  The  form  number  of  this  VRE  must  matcK 

<T7Tny  course  number.  c.  the  form  number  on  the  answer  sheet, 

b.  the  number  of  the  Shipping  List.  -       d.  my  courscvolume  number. 

Chapter! 

4.  (100)  Who  is  known  as  the  father  of  medicine? 

a.  Redi.  c.  Fracastoro. 

b.  Pasteur.  d.  Hippocrates.         ,  # 

5.  (100)  The  theory  that  living  organisms  could  originate  from  nonliving  materials  is  known  asihe  theory  of 

a.  spontaneous  generation.  N       c;  microfertnentation.  ■  -  >  ' 

b.  organismic  multiplication.  d.  self-multiplication. 

6.  (100)  The  father  of  aseptic  surgery  is  ' 

a.  Louis  Pasteur.  c.  Joseph  Lister. 

b.  Robert  Koch.  d.  Francesco  Redi. 


Chapter  2  "\ 

■4 

•7.    (101)  The  Standard  Form(SF  514  series)  * 

a .  can  be  signed  by  authorized  ward  personnel  if  the  physician  has  signed  the  DD  Form  728. 

b.  can  be  completed  if  the  nurse  thinks  the  particular  test  j!s  necessary. 

c.  need  not  be  signed  by  the  physician  if  he  has  signed  the  Doctor's  Orders  sheet. 

d.  must  be  signed  by  the  physician.  ^ 

8.    (101)  Material  that  has  passed  through  the  walls  of  a  vessel  and  into  surrounding  tissues  is  called 

a.  a  transudate.  c.  an  infusion. 

b.  a  serous  fluid.  d.  an  exudate. 
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9.    (101 )  Which  of  the  following  is  particularly  difficult  to  isoWfe  if  there  is  a  delay  in  cult u ring  rectal 
swabs?  % y  , 

a.  Sfugelfa  spp.  c.  £  colL 

b.  Proteus  morganiL  d.  Staphylococcus  spp. 

10.  ( 101 )  Why  are  catheterized  specimens  obtained  for  \irine  cultures*? 

a .  Voided  specimens  may  contaminate  the  collection  bottle.. 

b.  Catheterizingthe  patient  is  more  convenient  than  collecting  a  "clean  catch." 

c.  %  Voided  specimens  may  contain  saprophytes. 

d.  Cultures  can  be  set  up  more  easily  with  a  catheterized  specimen. 

11.  (101)  The  purpose  of  the  midstrdam  urine  analysis  is  to  help  identify  infection  of  the 


a.  urethra. 

b.  bladder. 


c.  uretert.  v 

d.  kidney. 


12.    ( 1 02)  If  a  body  fluid  is  sent  to  the  laboratory  for  bacteriological  testing  and  it  has  .clotted,  you  should 


a .  discard  i\\e  specimen  and  ask  for  a  repeat. 

b.  culture  the  supernatant  fluid. 


c.  culture  the  clot.    1  » 

d.  add  an  anticoagulant. 


13. 


14. 


CI  02)  When  collecting  specimens  for  viral  examination,  what  name,  is  applied  to  that  specimen  collected 
during  the  active  phase  of  the  disease?.  -  «  - 


a.  Convalescent  specimen. 

b.  Acute  specimen. 


c.  Immediate  specimen. 

d.  Viral  specimen 


(102)  Because  of  the  danger*  of  personnel  gettingan  infection,  laboratory  technicians  should  refuse  to 
accept  a  specimen  for  bacteriological  examination  if  "  % 

a  .  there  is  no  request  slip. 

b.  it  does  not  have  a  tight-fitting  lid. 

c.  ^specimen  is  not  wrapped.  V  .  "  ■* 
there  is  evidence  of  a  contaminated  outer  ^surface,             '  '  ' 

(102)  A  laboratory.technician  is  perforating  a  bacteriological  examination  of  the  contents  of  a  diaper. 
To  prevent  self-contamination,  he  should 


a.  make  certain  the  specimen  is.fresh. 
Elliot  rinflTtfre  diaper. 

c.  work  only  on  an  absorbenttsurface. 

d.  refuse  the  work  if  the  request  form  mentions  enteric  bacterial 
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16.    (102) desiccation  isdefinecfas  the 

a.  prtfcesj  whereby  metabolic  activities  arc  slowed  down  to  prevent  further  multiplication. 

b.  addition  of  water  to  rehydrate  dried  bacteria. 

c .  preservation  of  bacteria  by  quick  freezing. 

d.  removal  of  water  by  drying. 
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(102)  The  initial  act  of  first  aid  for  a  laceration  of  the  finger  due  to  handling  broken  contaminated 
glassware  is  to  * 

a.  proceed  to  the  treatment  room  to  see  a  physician. 

b.  determine  what  organism  was  on  the  glassware. 

c.  cleanse  the  wound  with  running  water. 

d.  stop  the  flow  of  blood.  • 

(103)  The  major  difference  between  a  disinfectant  and  an  antiseptic  is  that 

a .  antiseptics  inhibit  growth;  disinfectants  kill  the  bacterial  vegetative  cell. 

b.  disinfectants  inhibit  growth;  antiseptics  kill  the  bacteria. 

c.  disinfectants  have  a  lesser  degree  of  lethal  action  against  bacteria. 

d.  antiseptics  completely  destroy  or  remove  all  forms  of  a  microorganism,  including  the  spore  forms. 

» 

(103)  In  the  growth  curve  of  microorganisms,  the  number  of  viable  organisms  reaches  its  maximum  in 'the 

a.  lag  phase.  c.  senescent  phase. 

b.  logarithmic  phase.  d.  stationary  phase.  « 

(1 03)  A  slightly  increased  temperature  generally 

a.  increases  the  disinfectant's  viscosity.  c.  increases  the  bacterial  surface  tension. 

b.  increases  a  disinfectant's  effectiveness.     #.      d.  decreases  the  acidity  of  the  bacteria's  surroundings. 

•w 

(104)  If  blood  serum  is  to  be  sterilized,  which  of  the  following  devices  would  be  the  best  to  use? 

a.  The  Arnold  Sterilizer.  c.  A  gauze-cotton  filter. 

b.  The  autoclave.( V  ~  d.  The  inspissator, 

(104)  Boiling,  24-hour  incubation,  and  reboiling  is  the  principle  used  in 

a.  home  preservation  of  foods,  c.  the Seitz  filtration  system.* 

,b.  the  Arnold  Sterilizer.  d.  the*3utoclave. 

tr 

(104)  Which  of  the  following  filtering  techniques  uses  an  asbestos  pad?        I   -  t 

a.  Berkfield.  c.  Pyrex  fritted  glass.  s 

b.  Chamberlahd.  '  d.  Seitz. 

i 

(104)  The  sterilizing  effect  of  filters  is  achieved  mostly  by 

a.  sieve  action.  *  c.  absorption.  , 

b.  chemical  action.  d.  mechanical  destruction. 

(105)  The  sulfonamide  drugs  are  specific  chemical  combinations  that  are  effective  chemical  sterilizing 
agents  because  they 

t 

•  $  ,*  • 

a.  prevent  the  microorganism  from  receiving  sufficient  nu'tritional  substances. 

b.  are  lethal  to  living  cells-due  to  protein  coagulation. 

c.  enter  the  cell  and  inhibit  enzyme  activity.*  ',  '  - 

d.  combine  indiscriminately  with*  compounds  within  a  bacterial  cell. 


r 


26.  ( 105)  Chlorine  is  a  usefuf  disinfectant  because  it  has  high  bactericidal  properties  and  because  it 

a .  Ts  nonpoisonous.  c.  spreads  uniformly  over  all  surfaces. 

b.  does  not  evaporate  easily.  d.  effectively  disinfects  water. 

27.  (1^5)  A  substance  (or  substances)  often  used  as  a  surgical  soap  and  hand  wash  is 

a.  beta-propiolactone. 

b.  lysol  and  creolin. 

,c .  bis-phenols  combined  With  suitable  surfactants  or  detergents, 
d.  pure  phenol  diluted  with  ethyl  alcohol. 

28 .  (1 05)  The  sterilizing  action  of  a  synthetic  detergent  is  nor  decreased  by 

a .  distilled  water.  c.  organic  matter. 

b.  saline  water.  -    «  d.  random  mixing  of  different  types  ofMf  tergents. 

29.  (105)  Detergents  that  have  a  water-soluble  group  of  particles  which* dissociate  to  form  positively  ^ 
charged  ions  are  known  as 

a.  anionic  detergents.  c.  cationic  detergents.  ] 

b.  nonionic  detergents.  d.  natural  detergents. 

3Q.    (106)  Which  ofyhe  following  organisms  is  usually  used  for  determining  sterility  by.the  autoclave  method? 

a .  Bacillus  stearothermophilus.  c .  Bacillus  subtitts  (globigii). 

b.  Bacillus  subtilis.  d.  Clostridium  tetanl 

*31.    (106>From  the  information  furnished,  determine  the  phenol  coefficient.  Phenol  at  a  dilution  of  1:100 
/     killed  an  organism  in  10  minutes.  The  unknown  disinfectant  killed  the  organism  in  10  minutes  hut  at  a 
dilution  of  1:200.  , 

a.  1.0.  .  c.  .5. 

b.  2.00.  d.  .2.  $ 

32.  (106)  Laboratory  procedures  in  clinical  bacteriology  are  found  in 

a.  AFM  160-53.  c.' AFM  160-48. 

b.  A?M  160-52.  \  d.  AFM  160-28.  . 

Chapter  3 

33.  (107)  Organisms  that  obtain  energy  from  organic  carbon  sources  are  known  as 

a.  autotrophic  bacteria.  v  c.  heterotrophic  bacteria. 

b.  saprophytic  bacteria.  d.  nonpathogenic  bacteria.  , 

34.  (107)  In  classifying  bacteria,  which  of  thi  following  represents  a  family  name? 

a.  Thiorhadaceae.  c.  Pseudom%nadales.  * 

b.  Eschericheae.       •  d.  Rhodobacteriineae. 
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35.  (107)  Organisms  that  possess  enough  similar  qualities  to  be  grouped  as  species  but  that  differ 
sufficiently  to  be  considered  as  a  separate  group  within  the  species  are«cpferred  to  as 

a.  varieties.  c.  subtribes.- 

b.  families.  „  d.  genera. 

36.  (108)  Abnormal,  bizarre  shapes  assumed  by  bacteria  in  agin/ cultures  are  referred  to  as 

a,  contaminants.  c.  reproduction  forms. 

b.  involution  forms.  d.  plemorphic  forms. 

37.  (108)  A  micron  is  ,  a 


a .  254  inches.  c .  1/20000  o! 

b.  1000  mm.  d.  1/1000  mm 


38.  (108)  An  Angstrom  unit  is  equal  to 

a,  .  1/10000  of  a  mm.  c.  10~7  microns. 

b.  1/1000000  of  a  mm.  d.  I0~7mm. ' 

39.  (109)  Bacteria  that  grow  beyjfat  a  temperature  of  15°  to  26°  C.  are  called 

a.  psychrophilic.  c.  pleomorphic. 

b.  mesophilic.  d.  thermophilic. 

40.  (109)  H-type  colonies  of  Proteus  spp.  are  due  fe 

a,  capsular  materi^L  }    c.  Ohne-hauch  forms.  ^ 

b.  flagellar  motion.  d.  urease  production. 

41 .  ( 109)  A  transformation  from  a  "smooth"  to  a  "rough"  colony  is  usually  the  result  of 

a .  the  loss  of  the  bacterial  reproduction  process. 

b.  the  loss  of  the  bacterial  slime  layer  or  capsule. 

c.  incubation  of  the  culture  at  an  elevated  temperature.  • 
.d.  gene  transfer. 


42.  (109)  If  some  chemical  substance  other  than  free,  oxygen  serves  as  the  hydrogen  acceptor,  the 
respiration  is  said  to  be 

a.  eurobic.  ,  c.  anaerobic, 

b:  aerobic.  d.  obligate. 

43.  (109)  What  substance  is  present  in  most  media  to  serve  as  an  available  source  of  carbon  and  nitrogen? 

a.  Mannitol-salt.  c.  Agar. 

b.  Carbohydrates.  d.  Peptone. 

/  \  . 

44.  (1 09)  Compounds  thai  have  been  excreted  by  bacteria  and  oxidized  to  form  a  colored  product  are 
pigments  known  as  * 

a .  leukobases.  "  c .  opaque  pigments.  ( 

b.  lipochromes.  d.  reduced  pigments. 


V       .  - 

*  .ft 

45 .  (109)  Free  oxygen  is  toxic  to  which  of  the  following? 

a.  Microaerophilic  bacteria.      *  c.  Obligate  anaerobes. 

b.  Faculativa  anaerobes.  d.  Obligate  aerobes. 

46.  ( 1 10)  What  two  reagents  are  used  in  the  Bray  dish  technique  for  obtainjtog  10  percent  C02? 

a .  Pyrogallic  acid  and  sulfuric  acid.  c.  Pyrogallic  acid  and  sodium  bicarbonate. 

b.  Pyrogallic  acid  and  sodium  carbonate.  d.  Sulfuric  acid  and  sodium  bicarbonate. 

47 .  (110)  Candles  should  be  placed  high  in  the  candle  jar  because 

a .  if  placed  low,  the  flame  will  be  extinguished  by  CO  before  the  desired  2  to  3  percent  concentration  is  p 
reached.  ^ 

b.  CO  rises  and  in  so  doing  increases  the  0„  content. 

2  2, 

c .  it  is  easier  to  light  the  candle  before  sealing  the  lid.  , 

d.  moisture  accumulating  in  the  lower  part  of  the  jar  might  extinguish  the  flame  too  early. 

48 .  (Ill)  The  most  common  means  of  sterilizing  media  is  by 

a.  ultraviolet  irradiation.  c.  membrane  filtration. 

b.  Seitz  filtration.  d.  autoclave  sterilization.  * 

49.  (Ill)  What  percent  agar  is  generally  used  in  preparing  a  solid  medium? 

a.  l  i  to  2.0.  c.  5.5  to  7.0.  . 

b.  3.0*  to  5.0.  d.  75  to9.0; 

50. "   (Ill)  Urease  medium  is  used  to  detect  urease  production  and  is  an  example  of  J 

v   a.  a  selective  medium.  c .  a  catalase  medium, 

"b.  an  enzyme  medium.  d.  a  biochemical  medium.  k 

51.  ( 1 1 1 )  A  p remixed,  dehydrated  lactose»broth  slipuld  not  be  overheated  because  heat  causes  the  lactose 
to 

a.  precipitate.     *  c.  gel. 

b.  decompose.  d.  liquefy. 


52.  (Ill)  The  primary  reason  for  using  a  solid  mediui^s  to 

a.  reduce  contamination.  c.  produce  pure  colonies. 

b.  prevent  contaminants.  d.  produce  the  best  growth. 

53.  ( 1 1 1 )  An  agar,  such  as  eosin-methylene  blue,  on  which  enteric  pathogens  are  colorless  and  common 
coliforms  are  dark  purple  is  classed  as  _  * 

a.  a  selective  medium.  c.  an  enriched  medium. 

b.  an  isolation  medium.  '  d.  a  differential  medium. 

'54.    (Ill)  Enriching  a  basal  medium  makes  it  suitable  for  culturing 

a-  path^ens.  c.  aerobes, 

b.  ndnpathogens:  d.  anaerobes. 
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55.  (1 1 !)  A  basaljnedium  is  used  to  culture  which  of  the  following  organisms? 

a.  Nonpathogenic.  c.  Nonfastidious. 

b.  Pathogenic.  d.  Anaerobic. 

56.  (112)  The  correct  ratio  of  butt  length  to  slant  length  in  tubed  media  for  enteric  cultures  is 

a.  1:1.  c.  1:3. 

b.  1:2.  d.  2U. 

57.  (112)  Fresh  distilled  water  should  be  used  in  rehydrating  powdered  culture  media  because  fresh  water 

a.  has  not  had  time  to  absorb  gases. which  could  alter  the  final  pH, 

b.  has  not  h^d  time  to  become  contaminated. 

c.  is  more  alkaline  in  pH  than  stale  water.  ,  >  / 

d.  does  not  have  to  be  filter  sterilized. 

58.  (112)  Blood  should  be  added  to  sterilized  media  after  the  media  have  cooled  to 

a.  50°  C.  to  60°  C.  ~  c.  35°  C.  to  45°  C. 

b.  45°  C.  to  55°  C  d.  25°  C.  to  35°  C. 


59.  (112)  The  best  technique  for  dispensing  repeatedly  consistent  volumes  of  a  mecfiurrus  to  use 

a.  a  funnel.  c.  a  graduated  cylinder. 

v      b,  a  rubber  tube  and  pinch^lamp.  d.  an  automatic  syringe. 

60.  "  (113)  Sodium  thioglycollate,  in  addition  to  its  reducing  action,  also  neutralizes \vhich  of  the  following 


izes  which  of  1 


a.  Para-aminobenzoic  acid*.  a  c.  Mercurial  and  silver  disinfectants. 

b.  Sulfonamide.  d.  Bacteria. 
* 

GrL    (11 3)  Triple  sugar  iron  agar  (TSI)  differs  from  KligVs  iron  agar  (KIA)  in  that  tSI 

a.  shows  H^S* production;  KJA does  not.        *  . 

b.  contains  sucrose;  KIA  does  not. 

c.  is  usually  slanted;  KIA  is  not. 

4d.  is  used  for  differentiating  enteric  organism;  KIA  is  not. 

62.  (113)  Liquefaction  of  egg  albumin  is  an  example  of 

a.  gelatin  liquefaction.  c.  proteolysis. 

b.  rproten  denaturation.  d.  protein  fermentation. 

63.  (113)  The  production  of  acetyl-methyl-carbinol  will  give  a  positive/ 

~*         »  , 

a.  TSI  slant.  c.  Ninhydrin  reaction. 

b.  methyl  red  test.  -  d.  Voges-Prqskauer  test. 

/  • 

I  Chapter  4 

64.  (11 3)  To  prevent  the  swarming  of  Proteus  spp.,  you  can  add  which  of  the  following  to  the  media? 

a.  Agar.  -a  „,       c#  Chloral  hydrate. 

b.  5 -percent  whole  blood.  d.  Sodium.desoxychojate. 
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65.    (1 14)  To  be  sure  you  are  picking  a  "pure"  colony  for  further  identification,  you  should 

a.  pick  from  the  center  of  the  colony. 

b.  gather  up  the  whole  colony.    -*  . 

c.  gather  several  colonies  that  look  alike. 

d.  put  the  loop  under  the  colony  and  remove  the  media  and  the  colony. 


66. 


(114)  When  performing  the  blood  agar  pour  plate  technique  for  the  isolation  of  bacteria,  you  should 
add  the  blood  at 


67. 


a.  80°  C. 

b.  48°  C. 


J? 


c.  37°  C. 

d.  25° 


J5°^ 


(115)  Characteristic  pigmented  colonies  of  Corynebacterium  diphtheriae  on  potassium  tellurite  agar 
usually  develop  in  '      f '  . 


a.  12  hours. 

b.  18  hours. 


c.  24  hours. 

d.  48  hours,, 


0 


c.  activate  the  indicator. 

d.  sterilize  the  broth. 


68.  (115)  Thioglycollate  broth  tubes  are  heated  in  a  water  bath  before  use  to 

a .  drive  off  dissolved  oxygen. 

b.  dissolve  the  thioglycollate. 

J* 

69.  (115)  You  should  make  two  or  three  cuts  in  the  blood  agar  when  streaking  a  throat  swab  to 

a,  help  clean  the  loop. 

b.  help  detect  "0"  hemolysins.  • 

c /test  the  texture  of  the  media.  _ 
d.  let  air  in,  which  facilitates  dextrose  fermentation. 

*  »  :" 

70.  (1 1 6)  Which  of  the  following  are  you  least  likely  to  isolate  from  arthioglycollate  broth  tube? 


n 


a.  Streptococcus  spp. 

b.  Staphylococcus  aureus. 


c .  Klebsiella  pneumoniae. 

d.  Mycobacterium  tuberculosis. 


71. 


72. 


73. 


(116)  The  main  advantage  of  the  NAC  concentration  technique  over  the  NaOH  or  TSP method  is  that 

a.  with  NAC  a  higher  conization 'of  alkali  is  used  to  dissolve  the  mucus. 

b.  the  sediment  from  the  NAC  concentration  is  easier  to  stain. 

c .  with  NAC  there  is  a  greater  survival  of  the  tubercule  bacilli  during  digestion.     ^  ..  * 

d.  the  NAC  solution  is  less  expensive  than  NaOH  or  TSP.  # 

{ 1 1 6)  If  we  expect  to  find  At  tuberculosis  organisms  on  a  direct  Ziehl-Neelsen. smear,  there  should  be  at 
least  how  many  acid-fdst  organisms  present  in  the  sputum? 

a.  100,000  AFB  per  ml.  .     /  c.  100,000  AFB  per  cu.  mm.  #, 

b,  100,000  AFB  per  specimen.  d.  1 ,000,000  AFB  per  ml. 

(1 17)  Cyclbheximide  is^dded  to  media  to  inhibit 

a.  only  bacteria  in  fungus  cultures/  < 

b.  only  saprophytic  molds  from  fungus 'cultures.  ,  . 

c.  both  bacteria  and  saprophytic  molds  in  fungusftultures. 

d.  yeast  forms  of  fungus.  *  ..^ 


r 


74.    1 1  Id)  In  rhc  sodium  hydroxide  concentration  technique  for  acid-fast  bacilli,  the  solution  is  titrated  to 
neutral  endpoint  using 

a.  hydrochloric  acid  solution.  c.  trisodium  phosphate. 

b.  sodium  hydroxide  solution.  -  d.  normal  saline. 

^75.    ( 118)  The  first  step  in  isolating  and  identifying  stool  pathogens  is        *  ■  V  _ 

a .  primary  plating.  c.  serological  identification. 

b.  enrichment.  ^  Gram  staining! 

76.  ( 1 18)  A  regular  colony  count  on  a  patient  with  a  urinary  tuberculosis  infection  is  likely  to  show*" 

a,  no  tubercule  bacilli.  '  u        c.  manffubercule bacilli. 

b.  a  few  tubercule  bacilli.  -  d.  TB-too  numerous  to  count. 

77.  (1 18)  If  you  received  a  stool  specimen  on  a  patient  suspected  of  having  typhoid  fever,  which  of  the 
following  plating  media  should  you  use? 

a.  S-Sagar.  c.  Brilliant  green  agar. 

b.  EM B  agar.  „  d.  Bismuth  sulfite  agar. 

78.  (119)  Bacteria  present  in  the  blood  stream  are  best  described  by  the  term 

a.  infection.  c>  anuria.  .„ 

b.  bacteremia.'       <  <l.  bacteriuria. . 

79.  ( 1 18)  On  doing  a  urine  colony  count,  a  diseased  state  is  indicated  when  the  colony  count  is 

a.  less  thaiftO,000  organisms  per  ml.  * 

b.  from  10,000  to  100,000  organisms  per  ml.  J 

c.  over  100,000  organisms  per  ml. 

I        d.  larger  than  100,000  organisms  per  24-hour  specimen.  . 

*  '  -\ 

80.  (1 19)  Gonorrhea  is  most  often  diagnosed  by    *  .  . 

a.  fermentation  studies.  *  c.^biosliemiqd  studies. 
"b-  plating  an  agar.                                      d.  Cram-stained, smear. 

81.  -(118)  If,  while  using  tire  dilution^l^ng  technique,  your  undiluted  specimen  showed  950  colonies  on 

the  plate,  you-wotild  expect  to  find  how  many  colonies  on  the  1:100  dilution  plate? 

b.  9.5.f/  •     *  •  .  r      \2.    .  ' 

82.  ( 1 19)  The  best  medium  for  initially  isolating  bacteria  from  tissue  specimens  is  — - 

■  a.Mhioglycoleate  broth.  f   c.  blood  agar.  ^ 

*    b.  enriched  nutrient  broth.  .  d.  chocolate  agar.  o 

'  ■ 

83.  f  120)  The^simplest  method  for  detecting  motility  is  -  t 

af  a  hangingdn^mear.  H  c.  to  coverclip  the  smear. 

b.  to  Gram  stain  the  smear.  /  d.  a  supravital  stained  smear.  . 


\ 
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84.  (120)  If  you  prepare  a  smear  by  emulsifying  a  colony  in  a  drop  of  water,  you  should  be  sure  that  the 
water  is  , 

a.  heated  to  a  boil.  *  c.  freshly  distilled. 

6.  chemically  pure.'  d.. bacteria  free. 

85.  (U9)  Blood  cultures  should  be  kept  how  many  days  before  the  culture  is  reported  negative? 

a.  2.  c.  21.  .  ! 

b.  14.  d.  28. 

86.  ( 1 20)  The  color  pattern  of  a  stain  is  determined  by  the  concentration  of,  bgcteria,  the  concentration 
of  dye,  and  the  -  '  •  * 

a.  size  of  the  bacteria",  c.  pathogenicity  of  the  bacteria. 

b.  length  of  the  bacteria.  d.  staining  time. 

87.  ( 1 20)  A  basic  dye  used  in  staining  is  technically  referred  to  as 

♦     a.  a  cationic  chromophore.  4  c.  a  selective  stain, 

b.  an  anionic  chromophore.  d.  a  mordant. 

88.  (126)  Very  thick  smears,  give  false  Gram-positive  results  because  they  are  difficult  to 

a.  stain.  c.  counterstain. 

b.  decolorize.  d.  examine.       , .  . 

89.  (1 20)  Penetration  of  basic  dye  into  organismfcontaining  large  amounts  of  lipids  or  waxes  can  be 
facilitated  with  - 

a.  acid-alcohol.  ^    c.  iodine.  ^| 

b.  alcohol.-  •        *       d.  phenol.  ^ 

90.  (120)  Which  of  the  following  is  good  for  negative  staining  of  bacteria? 

a.  Ziehl-Neelsen  stain.  '.'        c.  Hiss  stain.  % 

b.  Gram  stain.  ■  d,  India  ink. 

Chapters 

91.  (121)  Chemical  subs*ances~produced  by  living  organisms  that  suppress  the  growth  of  bacteria  are^ 
referred  to  as       ,  j£ 

a.  sulfonamides.  c.  antitoxins. 

b.  toxins.        ^  ♦  d  antibiotics,  , 

.92.    ( 12 1)  If  an  antimicrobial  substance  inhibits  the  growth  ofhactena,  yet  does  not  kill  them,  this  substaace 
can  belaid  to  have  what  effect  on  the  bacteria? 

a.  Lethal.         ^  9  c.  Bacteriostatic.  ^ 

b.  Bactericidal.   '  "     •    "  d.  Interactive. 

a  *  -  * 

93.    ( 122)  A  "competitive  analog*'  type  of  antibiotic  such  as  cycloserine  is  effective  because  it 

a.  resembles  a  natural  compound  in  molecular  configuration-  \  . 

b.  can  be  fitteckinto  the  peptide  portion  of  the  bacterial  building  blocks.  •.  ,  t  *  „ 

c.  causes  the  amino  acid  sequence  within  the  cell  to  become  normal.       "*  •  / 

d.  is  made  synthetically. 
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94.  ( 1 22)The  basic  structure  in  protein  synthesis  in  bacteria  is 

.  t    a.  ribosomesv  c.  amino  acids, 

b.  polyribosomes.  .  d.  peptidfs. 

95.  (122)  The  genetic  pattern  to  be  followed  in  protein  synthesis  is  originated  by  the 

a.  messenger  RNA.  c.  nuclear  DNA. 

b.  soluble  RNA.  *  d.  cellular  RNA. 

96.  (122)  Gramicidins  and  tyrocidins  interfere  with  cell 

a :  permeability.  *  c .  respiration.  > 

,  b.  reproduction.  d.  sterols. 

97.  (122)  The  genetic  substance  that  determines  the  nature  of  %  bacterial  cell's  metabolism  is 

a.  ribonucleic  acid.  c.  nucleic  acid. 

b.  deoxyribonucleic  acid.    .'  d.  phbspholipide. 

98.  (122)  A  loss  of  selective  permeability  of  the  cytoplasmic  mem.brkne  will  result  in 

a.  an  antibiotic  becoming  ineffective. 

b.  essential  cell  constituents  leaking  out. 

c.  an  increased  transportation^  materials  into  and  out  of  the  cell. 

d.  increased  reproduction,  s 

99.  (122)  Withtfi  the  bacterial  cell,  the  breakdown  of  complex  nutrients  to  simplified  usable  forms  is  referred 
to  as  . 

a.  respiration.  c.  catabolism. 

b,  anabolism.  d*  nucleic  acid  metabolism. 

■  »"  ,  • 

100.    ( 122)  Pseudome  tabolites,  such  as  the  sulfonamides,  are  taken  up  by  cells,  and  this  interferes  with 

a.  para-amino  salicylic  acid  metabolism.  c.  ribonucleic  acid  metabolism. 

b.  para-aminobenzoic  acid  metabolism.  d.  genetic  coding. 

10U  (122)  Polymyxin  antibiotics  destroy  bacteria  by  interfering  with  cell  1 

'  a.  reproduction.  c.  permeability, 

b.  inflow.  d.  outflow.        '  , 

102.  (123)  The  uptake  from  the  medium  by  one  cell  of  nuclear  elements  (genes)  derived  from  another  cell  is 
referred  to  as  ■  ' 

a 

a.  DNA  extraction.  c.  transduction!, 

b/transformation.  *  d.  conjugation. 

103.  (123)  Mutation  to  drug  tolerance  is  generally  considered  to  be  characteristic  of  the  pathogenic'bacterial 

a.  capsule.  .  c.  ribosome. 

b.  flagella.      .  .  d;  gene. 
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104.  JX22)^Bacteria  are  resistant  to  the  antifungal  agent  Amphotericin  B  because 

a.  the  bacteria  lack  the  sterols  with  which  the  antibiotic  combined 

b.  the  bacteria  have  sterols  with,  which  the  antibioftc  can  combine. 

j0     c.  bacteria  possess  a  cell  membrane.  -  0 

d.  bacteria  lack  a  cell  wall.  | 

105.  (123)  The  process  in  which  genetic  material  is  passed  during  direct  cell  contact  is  referred  to  as  , 

a.  replicating  viruses.  c.  tranduction. 

b.  lysogenesis.  /    d.  conjugation. 

106.  (124)  A  broth^s  ready  to  be  used  in  sensitivity  studies  when  there  is  a 

a .  slight  sediment.  c.  heavy  growth.  ^ 

b.  visible  turbidity.  .  d.  slightly  visil^  precipitate. 

107.  (J24)  An  antibiotic  assay  determines  , 

a.  drug  concentration  in  a  specimen.  c.  drug  activity. 

b.  microbial  sensitivity.  ,  d.  drug  effectiveness. 

108.  (124)  Which  of  the  following  is  a  true  statement  concerning  antibiotic  sensitivity  tests? 

*  a.  pH  has  no  effect  on  antibiotic  sensitivity  testae 
b.  All  media  used  as  plate  media  are  suitable  for  the  diffusion  method  of  antibiotic  sensitivity  tests. 
I.^The  presence  of  serum  albumin  has  no  effect  on  sensitivity  testing.  " 
d  ^Glucose  present  in  a  medmm  may  bp  detrimental  to  some  sensitivity  tests. 

;  \  .    ..       -  ■"'  1 

109'.  (124)  Sensitivity  studiesfor  fastidious  organisms  should  be  read  within 

a.  48  hours.  .  4c.  12  hours. 

b.  24  hours.  d.  6  hours. 
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Preface 

-    ■  * 

/"T-*HIS  SECOND  volume  of  Course  90412,  Mecjical  Laboratory  Technician,  is  a 
«*■  continuation  of  the  laboratory  procedures  in  clinical  .bacteriology  which  you 
began  studying  in  Volume  1.  It  contains  information  on  Gram-positive  and  Gram- 
^ncgativc  organisms  along  with  information  on  enteric  organisms,  acid-fast  bacilli, 
atid  spirochetes. 

Printed  and  bound  as  a  separate  inclosure  to  this  volume  are  foldouts  1-8. 
Whenever  you  are  referred  to  one  of  these  foldouts,  please  turn  to  the  separate 
inclosure  and  locate  it.  Some  of  these  foldouts  are  iowrolor.  You  should  find  the 
color  illustrations  most  helpful  in  learning  to  ideriury  disease-causing  organisms. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this 
text,  or  recommendations  for  its  improvement,  send  them  to  Technical  Training 
Center  (MSSTW).  Shepparcf  AFB  TX  7631 1.  ^ 

If  you  have  questions'  on  course  enrollment  or  administration,  or  on  any  of 
ECFs  instructional  aids  (Your  Key  to  Career  Development.  Study  Reference 
Guides.  Chapter  Review  Exercises.  Volume  Review  Exercise,  and  Course  Exami- 
nation), consult  your  education  officer,  training  officer,  or  NCO,  as  appropriate.  If 
he  can?t  answer  your,  questions;  sen'd  them  to  ECI,  Gunter  AFB,  Alabama 
361 14,  preferably  on  ECI  Form  17,  Student  Request  for  Assistance. 

This  volume  is  valued  at  36  hours  (12  points). 

»  Material  in  This  volupie  is  technically  accurate,  adequate,  and  currerff  as  of 
November  1969.  >  v 


••  ■  j         '       ^  •  -   '  ' 

Contents 

■      ■    ■       ,  -  Ffl^e 

Preface 

Chapter  .       \  ' 

1  The  Gram^Positive  Organisms    .  -/V  .   i   .   .   .   .   ;  i 

2  The  Gram-Negative  Cocci  and  Coccoid  Forms   20 

3  The  Small  Gram-Negative  Bacilli  .    .    .   .    .    .   .    .   .    .  27 

4  The  Enteric  Organisms    38 

5  The  Acid-Fast  Bacilli  .   .       .  .   ,   .  50 

6  The  Spirochetes  .   .    ...   .  ..    .   .  *  .   57 

Bibliography   .    .    .    ....    ...    ...    .    .    .    .  J 


4 


eERJC 


CHAPTER  1 


The  Gram-Positive  Organisms 


THE  JFIRST  VOLUME  of  this  course  was 
-I  devoted  primarily  to  the  fundamentals  of 
bacteriology.  We  learned  something  about  the 
nature  of  bacterial  their  processes  of  growth  and 
reproduction',  and  their  characteristic  morphologi- 
cal features.  Then  we  studied  the  techniques  * 
.  that  are  commonly  used  to  isolate  and  cultivate 
microorganisms.  This  led  to  a  discussion  of  stain- 
ing procedures,  biochemical  tests,  and  othfcr 
mea.  o£  establishing  the  identity  off  microbes 
isolated  from  representative  'clinical  specimens. 
Lastly,  we  reviewed  the  action  of  antimicrobial 
agents  txnd  discussed  the  principles  ..of  sensitivity 
testing  in  the  clyiical  laboratory. 

'2.  Tn  this  volume  we  will  take  up  the  medically  * 
important  genera,   beginning  with   the  Gran^ 
p<?sitive  cocci  and  rod  forms*  that  cause  some  of.  * 
the  most  serious  human  diseases.   Then,  after 
describing  the  Gram-negative  cocci  and  small 
bacilli  or  coccoid  organisms,  w"e  will  cover  the 
enteric  groups  found  in  the  intestinal  tract,  Fi-  . 
nally.  we  will  examine  -tH^  acid-fast  bacilli  and 
the  spirochetes.  Our  study  of  the  pathogens  .will 
'  consist  of  a  brief  review  of '  their,  clinical  signifi- 
cance, the  general  characteristics  of  these  orga- 
nisms, and  accepted  steps  for  identifying  them.  v 

3,  The  Gram-positive  bacteria  of  interest  to 
us  are  distributed  among  a  "dozen  or  more  genera. 
Seven  of  these,  genera  ^contain,  the  coccal  forms, 
and.  the  others  consist  of  rods;  or  elongated  rod- 
like forms.  Collecfrvely,  the  Gram-positive  cocci 
are  responsible  for  an  impressive  variety  of  hu- 
man infections.  Thesfe.  infections  range  from  a 
relatively  simple  involvement  of  the  skin  and 
mucous  membranes  to-  more  serious,  diseases 
manifested  by  pneumonia,  septicemia,  rheumatic 
fever,  ac  ate  glomerulonephritis,  or  deep  tissue 
abscesses. 

4.  Amnng  the  rod  forms  w^.  find  pathogens  " 
ttyu  also  cause  severe  superficial  and  systemic 
lesions,  as  well  as  toxin-producing  organisms 
which  give  off  some  of  the  most  poisonous *sub* 
stances  known  to  man.  From  time  to  time  we 
will  mention  the  more  common  saprophytes  of 
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various  genera  as  we  proceed  with  a  discussion 
pi  the  Gram-positive  organisms,  because  the 
saprophytic  species  complicate  the  process  of 
isolating  and  identifying  the  pathogens. 

1;  The  Staphylococci  >     "  . 

1-1.  Staphylococci  are  among  the  most  fre-> 
quently  encountered  isolates  jn  .the  bacteriology 
laboratory  because  they  are  always  present  in  the 
air,  on  dust  particles,  and*  on  the  body!.  Most 
species  are  harmless,  but  almost  any  one'  of  the  - 
saprophytic  forms  can  cause  diseasl  if  given  the 
right  conditions.  Ordinarily,  however,,. we  think 
of  the  pathogenic  staphylococci  as  belonging  to 
one  or  the  other  of  twospecies.  Their  taxonomic 

relatipnship  is  as  folIowsT"~  — - — 

Order  iy,  Eubacteriales*  .  m    %  ' 
Family  VII.  Micrococcaceae  ' - 

.  Genus  IL  Staphylococcus  „  . 

Species.^5.  aureus  '* 
S.  qpidermidis^ 

1-2:  Clinical  Significance.  The  staphylococci 
have  beep  recovered  from  all  areas  of  the  body  - 
and  from  many  disease  processes.  They  occur  as 
normal  inhabitants  on  the  skin  and  in  the  upper 
respiratory  tract  of   man.    Many  pathogenic 
strains  are  carried  4in  the  nasal  passages  of 
asymptomatic  individuals  who  transmit  the  orga- 
nisms to  susceptible  persons.   TJiese  organisms 
manifest  themselves  in  .  localized  suppurations 
such  as  staple  pustules  or  hair  follicle  infections. 
In  ^ime,  the  simple  infections  can  develop  into 
carbuncles  and  even  form  metastatic  abscesses 
in  other  tissues.  Cases  of  osteomyelitis,  entero- 
colitis, otitis   media,   and  sinusitis  can   be  of 
staphylococcal  etiology.   Pneumonia,  meningitis, 
and  ^endocarditis  are  relatively  infrequent  dis- 
eases associated  with  pafticularly  vyirulent  strains. 
Staphylococcus  aureus*  is  considered  the  most  ' 
highly   pathogenic   species;  S.    epidermidis  is 
pathogenic  to  a  lesser  extent.    Infections  with 
Staphylococcus  •  aureus   often  present  difficult 
treatment  problems  because  some  strains  rapidly 
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develop  resistance  to  certaiA  commonly  prescribed  > 
antimicrobial  agents.  Fron\timc  to  time,  hospital 
outbreaks  of  staphylococcal  infections  arc  traced 
to  these  resistant  forms. 

1-3. /Staphylococci  are  also  common  "culprits" 
in  food  poisonifig  outbreaks.  The  organisms  pro- 
duce a  hqat-stable  (resistant  tp  boiling)  exotoxin  * 
while  growing  in  meat  products,  cream-filled 
pastries,  gravies,  potato  salad,  and  similar  foods- 
exposed  to  room  temperature  for  .extended  peri-. 
*  •  ods.  Withdut  proper  refrigeration,  significant 
amounts  of  the  exofoXin  (also  called  enterotoxin 
%  because  of  its  site  erection )  can  be  formed  in 
as  little  as  4  hours.  Tfi&enterQtoxin  is  rapidly 
absorbed  by  the  intestinal  mucosa,  resulting^ 
nausea,  vomiting,  diarrhea,  and  acute  prostration 
within  2  to  6  hours  after  the  contaminated  food  ■ 
is  consumed.  Staphylococcal  food  pofeoning  is 
not  an  infection,  but  an  intoxication  resulting 
\  from  the  ingestion  of  the  preformed  toxin.  Hence, 
the  implicated  foods,  rather  than  sjpol  specimens, 
'  '  are  mope  likely  to  yield  the  pathogen  on  bacterio- 

logical analysis. 

r  \        /  " .        1-4.  General  Characteristics.  Members  of  the 
gegus  "Staphylococcus   are   spherical    or  oval, 
measuring  approximately  M  micron  in  diameter. 
Most  species,  are  typically  arranged  in  irregular 
#  clumps  resembling  a  cluster  of  grapes.  In -broth 

cultures,  single  cocci,  pairs,  and  occasional  short 
chains  may  be  seen.  These  organisms  are  non- 
motile,  nonsporeforming,  and  are  characteristic- 
ally Gram-positive,  although  Gram-variable  cells 
■  •  are  .  frequently   observed   in   smears?  from   old  - 

cultures. 

1-5.  Staphylococci  grow  well  on  meat  irifusion 
.or  meat  extract  media  at  a  temperature  of  37°  C. 
Although  their  optimum,  growth  temperature  is 
around  35°  C,  they  grow  readily  at  any  tem- 
perature from  15°  C  tov40°  C.  Characteristic 
colonies  grofr  best  under  aerobic  conditions,  but 
growth- takes  place  in  an  anaerobic  enviornpient 
if  hydrogen  and  uracil  are  preserft.  Synthetic 
media  used  for  cultivation  must  include  the  two 
vitamins,  thiamin  and  nicotinic  acid.  The  fresher 
the  medium, -the  more  typical  are  the  colony 
x        characteristics.    A   pH   of   7.4   is-  considered 
optimum.  ' 
1-6T    On  blood*  agar,  typical  colonies  of  Staph- 
ylococcus are  generally  formed  after  18  to  24 
hours  of  incubation  at  37°  C.   The  increased 
carbon  dioxide  atmosphere  provided  by  a  candle 
jar  favors  their  growth  on  primary  isolation. 

Staphylococcus  aureus  appear  as  glistening,  cir- 
cular, orange  to  white  colonies  with  a  butterlike 
consistency.  A  clear  (beta)  hemolysis  is  normally 
produced.  The  colonies  of  Staphylococcus  epi- 
dfPmidis  arc  generally  circular;,  smooth  tind  a 
,     pale,  translucent ,  white  color.   The  blood  agar 


.  may  or  may  not  be  hemolyzed.  There  are  many  -  . 

variations,  in  colony  texture  and  appearance.  Oc- 
casionally, rough  colonics  may  be  overlooked  be- 

*  c;ause  of  their  atypical  appearance.  The  rough-ri 
ness  of  the  colony  may  suggest  a  fungus  or  Aa 
common  soil  contaminant.  With  the  staphylo- 
cocci vou  may  also  seti  mucoid  White,  mucoid 
yellow;  smooth  yellow,  smooth  white,  rough  yei- 
low  or  "G"  (gonidial)  type  colonies.-  The  latter 
-are  small  (0.5  mm.  in  diameter)  mutant  colonies 
sometimes  isolated  from  septic  lesions.  These 
mutants  ordinarily  do  not  produce  catalase, 
coagulase,  or  hemolysins. 

1-7;  In  a, nutrient  broth  culture,  staphylococci 
produce  a  "moderate  tbrbidity  with  a  powderlikej 
sediment  in  24  hours  at  373  C.  When  shaken/  ' 
the  sediment  swirls  upward  in  the  tube  and  in-  •  i 

creases  the*  broth's  turbidity.  Some  staphylococci,  *  ^ 
particularly  those  that  do  not  produce  coagulase, 
form  a  thick 'gelatinous  deposit  which  Ipaves  the 
supernatant  layer  clear.  If  incubated  for  '48 
hours  or  longer  a  surface  growth,  or  pellicle, 
forms.  «,  ' 

1-8.  ^Laboratory  Identification..  Special  media*  ! 
aid  in  the  identification  of  Staphylococcus  species. 
A  medium,  such  as  mannitol-salt-agar  that  con- 
tains a  high  concentration  ^of  sodium'  chloride  ,  .  *  ■ 
inhibits  most  other  organisms.   Mannitol  is  in-  ■ 
cor'porated  in  the  medium  to  detect  pathogenic, 
strains,  because ' 'most  pathogens  ferment  that 
carbohydrate.    The0  production  of  acid  in \  the 
medium  causes  the  phendl  red  indicator  to  turn 
yellow.    Mannitol-positive  organisms  appear -as 
small  colonies  surrounded  by  a,  yellow  zone. 
Mannitol-negative   species   yield   colonies  sur- 
surrounded  by  distinct  red  or  purple  zones.  ' 

1-9.  A  <number  of  confirmatdry  prejeedures^ 
can  be  perforhied  on  colonies  of  the  staphylo- 
cocci. Jn,  foldout  1  we  have  diagfammed  a  pro-  ; 
gression  of  identification  steps  based  on  hemolysis 
of  blood  agar  and  other  special  tests  used  to 
distinguish    among    the    Gram-positive    coccus"  ^ 
species,  Note  in  foldout  1  that  many  Stqphylo- 
coccus  species  produce- beta  hemolysis,  denoted 
by  a  clear  zone  around  the  colony.  Some  strains  .  > 

do  not  hemolyze-  blood  agar  under  the  usual 

•  laboratory  conditions  of  cultivation.  The  reac- 
tions of  these  nonhemolytic  strains  are  shown  in 
the  bottom  entry  of  the  foldout. 

1-10.     Formation  of  the  enzyme,  catalase,  is  a 
k£y  factor  irf  distinguishing  between  species  of  ■- 
Streptococcus  and  Staphylococcus  that  produce  . 
identical  hemolytic  patterns  on  blood  agar.  When 
.a  colony  of  staphylococci  is  mixed  with  hydrogen 
peroxide,  the  action  of  catalase  liberates  oxygen 
from  the  peroxide  and  gives  a  vigorous  bubbling. 
The- test  is  negative  (no  bubbling)  in  the  case  of 
streptococci  and  mutant  forms  of  staphylococci. 
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1-11.  Coagulase  activity  is  related  to  patho-  J 
'genicity  of  Staphylococcus  species,  but  the  corre-  ' . 
lation  is  not  absolute.  A  fibrin  clot  is  .formed  in 
"human  or  rabbit  plastaa  when  colonies  that  pro- 
duce •  coagulase  are  added.    The  test  is#  not 
quantitative,  and  any  visible   coagulation  is  a 
I  positive  test.  Coagulation  usiially  occurs  within ' 
3  hours.  When  plasma  stands/ however,  certain 
labile  clottiqg  facjors.  are  destroyed.  Thi$  slows 
or  completely  masks  the  aoagulase  reaction. 
.  Therefore,  when  aged  plasma-5  is  used,  the  test 
must  be  observed  for  at  least  24  how?  to  rule 
out  the  chance  of  a  -delayed  clpt  which  would 
indicate  a  positive  reaction.*  Certain  "staphylo-  m* 
cdcci    that   produce    coagulase  .also  produce 
staphylokinase  v(an  enzyme"  which  will  dissolve 
the  formed  clot);  the  tube  of  plasma  -mdst  be 
checked  at  3  0-minute  intervals  for  presence  of  a  . 
clot. in  oyder  to  prevent  the  reporting  of  a  false 
negative  reaction. 

1-12.  Related  Micrococci.  The  family  Micro-1 
coccac.eae  contains  three  genera  of  saprophytes' 
which  resemble  the  staphylococci  so  "closely  in 
'morphology  that  the  harmless  forms  are  some- 
times mistaken  for  their  pathogenic  relatives. 
Members  of  the  genus  Gafjkya  are  found  as* 
nonhal  flora  in  the  upper  respiratory  tract.  .These 
Gram-positive,  facultative  Anaerobes,  often  en- , 
capsulated,  are  ordinarily  arranged  in  groups  of 
four  cells — tetrads.  Colonies  are  white  or  gray, 
moist,  and  viscid.  G:  tetragenes,  the  most  com- 
mon of  the  group,  does  not  ferment  mannitol  or 
produce  toagulase.  * 

1J-13.  The  second  genus,  Sarcina,  comprises 
aerobic,  Gram-positive  cocci  that  divide  in  three, 
planes  during  reproduction.  The  characteristic 
"packets'*  of  cells  seen  on  stained  smears  are 
usually  formed  by  Sarcina  lutea,  a  common  con- 
taminant fronj/soil,  air,  apd  water.  The  genus 
Micrococcus  holds  a  heterogeneous  group  of 
Gram-positive  aerobic  cocci  which  form  irregular 
clumps  of  cells  easily  confused  with  the  grape- 
like clusters  of  the  staphylococci.  Micro goccus 
species  are  coagulase-negative,  however,  and 
ferment  glucose  aerobically.  Staphylococci  <^an 
ferment  glucose  anaerobically. 

Irl4.  Phage  Taping.*  After  identifying  a  path-  A 
ogenic  staphylococcus  as  to  species,  the  labdr'a-  j 
.  tory  is  sdmetimes  askedv  to  carry  out  Jbacteri- 
ophage  typing.  This  typing  technique  affords  a 
means  of  further  identifying  strains  within  a 
Staphylococcus  species  based  on  "theif  susceptibil- 
ity to  lysis  by  different  bacteriophages — viruses  , 
that  attack  and  destroy  bacterial  cells.  By  seeding 
a  plate  of  medium  with  a  pure  culture  of  the 
organism  and  applying  droplet  suspensions  of 
several  known  phage  types  we  can  establish  a 


pattern*  of  susceptibility/resistance  to  lysis  which 
•  serves*  to  "fingerprint"  the  staphylococcus . 

1-  15.  ,  We  simply  record  the  presence  or  ab- 
sence of  plaques  Y cleared  areas)  ofl  the  surface 
o£  the  plate  at  the  site  where  ^eadh  phage,  suspen- 
sion was  deposited.'  Plaque  formation  at  that 
site  indicated  lysis  of  the  c£Us  by  phage  particles 
and/  hence,,  susceptibility"  of  the  bactferium  to* 
that  particular  phage.  'JTiere  are  approximately 
22  phages  in  use  today  for  identifying  Staphylo- 
coccus aureus.  These  phages  are  arranged  in 
five  groups,  each  group  consisting  of  one  or  more 
specific  types.  •  r 

'1-16.  In?  recent  years  nfeny<of  the  staphylo- 
coccal: epidemics  in  hospital^  surgical  and  pedi- 
atric wards 'have  .been  traced  to  organisms  lysed 
b^  phages  of  Groupsjl  and  III.  Strains  susceptible 
to 'phage  types  80  and:  81  vWthin  Group  J  have 
been  particularly  prevalent  in  outbreaks-  of, 
"hqspital  staph"  infections.  By  periodic  typing 
of  staphylococci  isolated  from  •thesmedical  staff, 
patients,  and  the  hospital  environment,  the  bac- 
teriologist ,  can  be  forewarned  of  an  impending 
problem  with  highly,  virjilent,  Idrug-resistant 
strains.  ,  * 

JZ.'  The  Streptococci  -      '  1 

>2-l.  The  streptococcal  forms,  although  smaller 
in  size  than  the,  Staphylococci,  closely  resemble . 
the  latter  in  morphology  of  "the  individual  cells.. 
On  the  basis  of  differences  in  physiology ,  and 
chemical  makeup,  Jiowever, '  the  chain-forming 
cocci  are  placedHt5Jn,.  a  separate  family,  the 
LactobaciltaceaeM^ns  family  includes  a  variety 
ofv  pathogenic  anci#saprophytijC  microbes  which 
te^d  to  grow  sparsely  on  initial  isolation  in  the 
laboratory,  t  #  > 

2-  2.  Two  genera  are  of  interest  to  the  medical 
bacteriologist— Streptococcus  and  Peptostrepto- 
coccus.  The  first  of  these  contains  the  aerobic 
and -facultatively  anaerobic*  species  most  com- 
monly implicated  in  hjwnan 4  disease.  The  pepto- 
streptococci  afe  strict  anaerobes  or  microaero- 
philes.  which  grow  poorly  on  conventional  media. 
The  streptococcal  organisms  are  classified  as 
shown,  below:  '■ 

Order  IV.  Eubacteriales  , 
Family  X.  Ladtobatillaceae 
*\       Tribe  I.  Strep{gcdgceae 

Gepus  tf  II.  Streptococcus 
Genus  V.  Peptosffeptococcus 

2-3.  Clinical  Significance.  A  great  number  of 
bactlAal*  infections  of  man  are  caused  by  beta  • 
hemolytic  streptococci.  These  organisms  'cause 
such  diseases  as  puerperal  fever,  erysipelas, 
septic  sore  throat,  scarlet'  fever,  impetigo,  and 
acute  bacterial  -endocarditis.  Acute  glomeru- 
'7  '  v 


lonephrips  or  rheumatic  fever  may;  develops  fol- 
lowing streptococcal  pharyngitis.  The  alpha 
hemolytic  stfeptococci  that  are  normal  inhabitants 
of  the  upper  respiratory  and  intestinal  tracts  may 
cause  subacute  bacterial  endocarditis,  meningitis, ' 
and  urinary  tract  infections.  AriaApbes  of  the 
genus  Peptostreptococcus  are  encountered  in 
pejivic  abscesses,  the  diseased  appendix,  sinus  and 
ear  infections*  and  in  gangrenous  wounds.  They 
are  capable  of  giving  rise  to  severe  suppurative 
lesions  characterized  by  an  extremely  foul  odor. 
The  nonhemolytic  streptococci  are,  for  the  most 
part,  saprophytic  forms  found  naturally  in  milk 
and  other  dairy  products.  A  few  "strains  have 
been  isolated  from  cases  of  subacute  bacterial 
endocarditis,, 

2-4.  General  Characteristics.  Streptococci  are 
round  or  oval  and  range  in  size  from  0.8  to  1.0 
micron.  They  occur  predominantly  in  chains; 
however,*  paired  or-single  cells  may  also  be  seen. 
Characteristic  chairts  are  observed  vmore  often  in 
smears  from  broth  cultures.  The  streptococci  are 
nonmotile,  nonsporeforming,  and  Gram-positive. 
Gram-negative  forms  are  occasionally  found  in 
smears  from  old  cultures.  Certain  Streptococcus 
sjjfcp.  produce  capsules,  but  the  presence  or  ab- 
sence of  capsules  is  not  a  distinctive  feature. 

2-5.  A  medium  enriched  with  blood  is  essen- 
tial  for  growth  of  most  pathogenic  stfeptococci. 
An  ordinary  meat  infusion  medium  will  generally 
not  support  growth.  The  standard  blood  agars 
and  such  broth  media  as  thibglycollate,  brain- 
heart  i^nfustion,  Tbdd-Hewitt,  and  tn/^ticase-soy 
can  be  used  to  cOltfrate  certain  species.  The 
majority  of  streptocOco^are  facultative  anaerobes, 
although  some  strains  of  Peptostreptococcus,  es* 
pecially  those  isolated  from  deep  tissue  infec- 
tions, are  obligate  anaerobes.  Growth  is  best  at 
37°  C.  fo^the  pathogenic  hemolytic  forms.  After 
24  hours'  incubation  on  the  blood  agar  the  strep- 
tococci generally  appear  as  small  f  approximately 
1  mm.  or  less)  slightly  gratfular,  circular,  con-, 
vex,  translucent  colonies.  Some  stfeptococci  give 
rise  to  matt  or  mucoid  colonies  on  primary  isola- 
tion. After  repeated  transfer  on  labqratory  media 
avirulent  rough  or  smooth  colonies  will  eventually  ' 
develop.  • 

2-6.  jThe  stfeptococci  are  such  a  heterogenous 
group  that  neither  morphological,  physiological, 
nor  immunolbgical  studies  Have  been^eempletely 
successful  in  classifying  *all  species.  Alpha,  orvbeta 
hemolysis  exhibited  oir  blood  agar  affofds  the 
b^t  tentative  separafion^of  Streptococcus  species 
and  an  indication  of*  pathogenicity.  Streptococcic 
which  produce  a  beta*  hemolysin  show  a  'clear, 
colorless,  well-defined  zorie  of  hemolysis  around 
the  colpny.  Alpha  hemolysin^pro'duces  a  greenish 
discoloration  around  the  coloriy. '  The  zone  of 


hemolysis  may  have  irregular  or  ill-defined  mar- 
gins because  the  red  blood  cells  within  the  zone, 
are  only  partially  lysed. 

'  2-7.  Streptococcus  colonies  tli^t  produce  alpha 
hemolysis  must  be  carefully  ciiffefentiated  from 
those  of..  Diplococcus  pneumoniae,  which  also 
produce  a  "greening"  6f  the  medium  by  alpha 
hemolysis.  The  technique  of  differentiating  ,be- 
tween  the  two  is  covered  in  our  discussion  of 
diplococci  in  the  next  section.  a  Some  streptococci  _ 
form  a  kind  of  hemolysin,  termed  alpha  prime, 
in  which  the  zone  of  hemolysis  appears  hazy  and 
poorly  defined.  It  is  neither  a  clearcut  alpha 
nor  beta  hemolysin.  It  is  identifiable  by  an  ex- 
tension or  enlargement  of  the  zone  of  hemolysis 
around  the  colony  when  the  blood  agar  culture  is 
refrigerated  for  a  24^hour  period.  So-called 
"gamma"  streptococci  produce  a  hemolysin  under 
certain  experimental  conditions,  but  no  zone  of 
hemolysis  appears  on  conventional  blood  agar 
plates  in  the  laboratory.  We,  therefore,  record 
these  gamma  strains  as  nonhemolytic,  as  indicated- 
in  foldout  I.  (Foldouts  1-8  are  located  in  the 
separate  inclosuf e  to  this  volume.^ 

2-8.  Along  with  the  several  types  of  hemolysin, 
streptococci  produce  a  fibrinolytic  enzyme,  strep- 
tokinase^, which  is 'capable  of  breaking,  down 
fibrin  clots.  This  may  play  a  role  in  overcoming  * 
body  defenses;  Unlike  the  staphylococci,  the  strep-  ■ 
(ococcal  forms  are  catalase-negative— one  major 
feature  that  distinguishes  the  genera  (foldout  1): 
Beta  hemolytic  streptococci  have  long  been 
knowh  for  their  erythrogenic  toxin  associated 
with  the  skin  rash  of  scarlet  fever,  a  disease  of 
children  prevalent  before  the  discovery  of  anti- 
biotics.* 

2-9.  Classification  of  the  Streptococci.  Several 
schemes  for  classifying  the  streptococci  have  been 
proposed.  Two  of  the  more  widely  used  schemes 
are  those  devised  by  Lancefield  and  Sherman. 
The  Lancefield  classification  is  based  on  the  anti- 
genic structure  of  the* organisms.  The  composi- 
tion of  a  carbohydrate  antigeii — "C"  substance — - 
is  different  for  each  immunologic  group  in  this 
series.  The  Sherman  system  has  as  its  basis  a 
compilation  of  common  physiological  properties, 
the  most  important  of  which  is  the  temperature 
limit  for  growth. 

2-10.,  The  *  Lancefield  serological  groups  are 
designated  by  the  letters  A  through  O.  Groups® 
A  and  C  contain  most  of  the  human,  pathogens. 
Tfrese  and  nine  other  serological  groups  produce 
,  hemolysis;  accordinfly;  they  are  referred  to  as 
the  44heIhoIytic,,  streptococci.  Organism^  in  Group, 
Dj  including  the  enterocodci, .  may  be  either 
hemolytic  or  nonhemolytic.  Group  N  organisms 
are  nonhemolytic.  Currently  about  19  species  of 
Streptococcus  are  recognized.   In  the  Sherman 


•  Table  1  V 
Group  Differentiation  of  STREPTOCOCCUS  Species 


Group 

Hemolysis 

'  hroiSth  at  jh 
•   loSc  Ash. 

Growth  i H 
6. St  NaCX  , 

Pyogenes  ^Gp  A  and  G) 

Bevta  or 
alpha 

Alpha  or 
»  none 

«»•  •  • 

•  - 

Enterococci  (Gp  D)  ° 

Alpha^, 
beta  or 
none 

.         '     I      1                '  '  

♦  ♦ 
*                                              *  ' 

Lactic  (Gp  N)           ,  • 

None  .  ? 

— ; —  :  »     s  - 

v  * 

-   '<  ,  !  ! 

(.1)     Exceptions  with  Strev tocogcua  sanguis • 

(2)  Exceptions  with  Jtreptojoeeuff  uteris, 

(3)  Except  ions  with  Streptococcus  mi  tie. 

(4)  Members  of  the  Viridans  group  belong  to  La 
cannot  be  grouped  serologically. 


•  system  these  species  are  divided  into  four  major 
groups:  ^ 

•  Pydgenes. 

•  Viridans. 

•  Enterococcus. 

•  Lactic.  4 

.  «  <*>  a 

In  table  1  the  distinguishing  cultural  characteris- 
tics are  portrayed  for  streptococci  of  the  Sherman 
classification.  The  corresponding  Lancefield 
groups  are  showfn  parenthetically. 

2-11.  The  most  important  member  of  .{he 

v  pyogenes  group  clinically  is  Streptococcus  pyo- 
genes (Lancefield  Group  A).  This  species  pro- 
duces beta-hemolysis  on  blood  agar.  The  orga- 
nism  grows  at  the  usyal  cultural  temperatures, 
but  not  at  10°  C.  or  45°  C.  The  viridans  group 

fldoes  not  give  beta-hemolysis  on  blood  agar.*  As 
a  rule,  no  growth  is  obtained  at  10°  C.  Many 
species  produce  an  alpha-hemolysis,  but  the  ef- 
fect on  red  blood  cells  depends  upon  the  species 
origin  of  the  red  blood  cells  used,  pHf  and  tem- 
perature. Viridans  streptococci  are  found  most- 
frequently  as  normal  flora  in  the  human  respira- 
tory tract.  ' 

2-12.  The  interococcus  group  yields  variable 
hemolysis  on  blood  agar.  Growth  generally  takes 
place  at  both  10°  C.  and  45°  C.  Although  these 
organisms  are  considered  normal  flora  of  man's 
intestinal  tract,  they  caii  be  pathogenic  when  in- 
troduced into  the  bloodstream,  meninges,  urinary  ' 
tract,  and  various  other  tissues.  Enterbcocci  dif- 
fer from  the  remainder  of  the  streptococci  in 
that  they  multiply  in  broth  media  containing  6.5 
percent  sodium  chloride.  This  group  is  also  quite 


ncefield  groups  A,  D,  G,  and  K,    Some  strains 


A 


resistanjt  to  mO$r antimicrobial , agents.  The  lactic 
group  is  characterized  by  variable  hemolytic  re- 
actions on  blood  agar  and  growth  at^0o  C.  but 
not  45°  G.  The  lactic!  organisms  are /nonpatho- 
genic. They  are  present  in  milk,  and  are  often 
responsible  for  its  pouring.  v  1 

2-13.  Mgjnbers  of  the  genus  Peptostreptqcoc- 
cus,  which  we  noted  easier  have,  beep  recovered 
from,  infections  in  various  organs 'of  the  bodyAre 
generally  considered  apart  from  the  streptcfcocci 
of  the  two  classifications  discussed  above. /pf  the 
13  known  species, -only  3  ar6.of  medical  interest; 
P.  anaerobius,  P,  foetidus,  and  P.  putridous. 
These  organisms  are  catalase-negative  like  mem- 
bers of  .  the  genus  Streptococcus,  and  they  also 
produce  3  variety  of  hemolysins.  A  fetid  odor 

*  and  gas  production  on  high  protein  media,  along 
.with  the  requirement  for  anaerobiosis,  are  dis- 
tinguishing characteristics  of  the  group. 

2-14.  Laboratory  Identification.  Beta  hemo- 
Ijrfic  Streptococcus  spp.  are  usually  identified*  oil 
the  basis  of  cultural  and  physiological  characteris- 
tics. Table  2  lists  pertinent  information  *on  those 
groups  responsible  for  the  majority  of  human 
streptococcal  infections.  Note  that  the  reactions 
Obtained  in  Streptococcus  faecalis  (SF)  broth 
and  *  sodium  hippurate  broth  do  not  separate 
Group  A  from  Group  C  (human)  streptococci. 
However,  this  degree  of  differentiation  is  not 
usually  necessary  since  infections  by  members  of 
both  groups  generally  respond  to  ideaffcal  anti- 
microbial agents.  t.       #  . 

*  2-15.  The    Bacitracin    screening  technique* 
ffoldbut  1)  is  often  useful  in  distinguishing*  be- 
tween Lancefield's  Group  A  and  other  groups  of 


Tabj-e  2 

Characteristics  of.»Beta  Hemolytic  Streptococci  Responsible  for  Human  Infection 


Lance- 
field 

Type  Specie*  ' 
(B*rgy-l9S7j 

« 

Sourav 

v  J 

Dioeaoe 

'             ■  ;'*..' 

i>  up face 
Voi&riiee 
Blood  Agar 

3nbo*  •«;**■"* 
Colonics 
?        Blood  Ajtt !' 
 :  1  

: -odium 
itippura  te 

Group  A 

V 

.S.  pyoycnee 

Human  infections  and 
carriers  (usually  res- 
piratory) . 

UrysipcJas ,  ijnpet  igo  ,  sep- 
tic sore  throat,  scarlet 
fever ,  rheumat ic  fever ,. 
acute  glomcrulonephrit  is , 
■  puerpcra  1*  sepsis  ,  septi- 
cemia, etc. .  i 

Grayish-white,  opaque  to. 
translucent;  hard,  *ith 
tendency  for  whole  colony 
to  move  on  probing;  hemo- 
lytic zones  .approximately 
2.  mm, 

Lens    ov  d  i  sc -  shaped 
with  2  iiim.  'zone  of 
hemolysis.  < 

No  growth 

* 

Ncgat  ive 

Group  B 

r\ 

S.  *aya  lap  1 1  da 

/ 

■  *  ' 

Uovine  infect  ions 
and  milk.     Human          -  f 
intestinal,  genitew 
urinary  ,  and  res  - 
piiatory  tracts. 

Urinary  t  ract  irifec- 
t  itfns ,  peri  ton  i  t  is , 
endometritis,  wound  in- 
fections, rarely  septi- 
cemia . 

v   •  m 

Gray.,  translucent ,  wi  tlr 
soft  texture;  si  ight 
hemolytic  zone. 

* 

O.S  mm.   zones  01  hemo- 
lyses after  24  hours; 
0.1  mm i  zone  after  48 
hours.  -  Double  ring 
hemolysis  following 
refrigeration  over-  * 
n  i  gh  t .  • 

No  growth 
* 

I'os  i  t  iyc 

Group  Cl- 
ot human)/ 

5.   equioimi'tifl  ' 

9  ■    '  ■ 

Upper  respiratory 
and   latest inal 
tracts  of  humans. 

,  * 

/Suppujat  ive  les  ions  of 
[man,  usually  in  mixed 
\infeet  ious .  Throat 
.infections. 

1 nd \ s t i  ngui shah le . from 
Group  A . 

hid  is t  ingui\shal>  le  from 
Group  A ,                     .  . 

No  growth 

Nega t  ive 

Group  1) 
(cntero- 
coce  i )  •■ 

.v..  faeoaltr. 
par.  aymtfj/£?>itf 

Intent  iA.il  and. 
genitourinary  tracts 
of  humans.    Milk  and 

milk  products. 

* « 

Samtt  as  Yiroup  B, 

Gray ,  somewhat  t  rans- 
luccnt ,  soft ;  hoinoly  t  ic 
zones  slightly  wider 
than  the  colonies. 

"lie mo  1  y t  ic  zone.s 
approximately  3  to  \ 

mm .  * 

Growt  h , 
with  acid 
reac t  ion 

Negative 

NOTli:     iH  rch  tbuojuun  fa.:calin  anil        iiqucfavi*  mi  are  also  mpmhers  of  Serologic  Group  D;  however,  ihcso  species  usually  produc 
j  I  phn-Jjcmolys  i  s  on  blood  a,g^r.     Also  .-.  faecal  id  is  occaS  iona  1  iy  observed  to  be  nonhemolytic   (gamma).     Ibese  forms 
represent  the  only  nonbeta  species  that  may  be  uniformly  grouped  s^rn log ica 1 Jy .  ^ 


.  the  beta  hemdly tic  streptococci.  We  first  streak  a 
blood  agar  plate  with  ^  pure  culture  of  the  iso- 
lated organism;  then  we  place  a  one-  or  two-unit 
bacitracin-irfipregnated  paper  disc  on.  the  surface. 
Susceptibility  or  resistance  to  the  t  antibiotic  is 
read  after  incubation  of  the  culture  for  18  to  34 
hours  in  a  candle  far  at  37*  C.  Of -those  beta 
hemolytic  isolates  showing  antibiotic  susceptibil- 
ity: abftut  85  percent  will  be  Lancefield's  Group 
A.  Almost  100  percent  of  the  resistant  forms 
will  be  other  than  Group  A. 

2-  16.  We  see 'in  table  2  that  SF  broth  is  selec- 
tive forr  Streptococcus  faecalis  and  otherTrjembers 
of  Group.  D.  Sodium  azide  in  the^medium  pre- 
vents the  growth  of  other  streptococcal  groups. 
After  incubation  for  24  hours  at  37°  .C.  the 
presence  of  growth,  coupled  with"  an  indicator 
change  from  purple  to  a  yellowish-brpwn^ndi- 
*cates  a  positive  reaction;  Similarly,  sodium*  hip- 

purate  broth  distinguishes  GrSup  B  streptococci 
fcom  groups  A,  C,  arid  D.  The  inoculated  me- 
dium is  incubated  for  48  hours  and  then  tested 
for  the  ,  presence  of  benzoic  acid.  This  corfipound 
is  formed'  by  it-he  hydrolysis  of  sodium  hippurate. 
The  formation  of  a  stable^  precipitate  after  we 
.add  12  percent  ferric,  chloride  indicates  a  positive 
reaction.  -i?-f  1 

42-17.  Foldptit  r  muy  be  consulted  for  con- 
firmation of  the  well-recognized  species.  From  a 
practical  standpoint,  it  is  necessajry  only  to  dif- 
ferentiate S&eptocdccu's  faecalis  from  other  alpha 
and  garihma  (nonhemolytic)  streptococci.  Strep- 
tococcus^ faecalis  i$-  resistant  to  penicillin,  strep- 
tomycin, and  sulfonamides,  while  the  other  alpha 
and  gamma  strains  are  sensitive  to  these^  agents'. 
Table  3  presents  additional  data*  of  help  in  identi- 
fying the  various  alpha  and  gamma  Streptococcus 
species  that  cause  disease  in  man. 

3.  Diplococcus  Infections  of  Man  * 

3-  1.  The  genus  Diplococcus  has  but  one  spe^ 
cies  that  is  pathogenic  for  man.  It  is  Diplococcus 
pneumoniae,  or  more  commonly — the  pneumo- 
coccus.  The  taxonomy  of  this  organjsm  is  as 
follows: 

Order  IV.  Eubacteriales 
Family.  X.  Lactobacitiaceae 
Tribe  I .  Streptococceae 
Genus  I.  Diplococcus 
Species.  D.  pneumoniae 

3-2.  Clinical*  Significance.  PneumoQocci  are 
the  cause  of  approximately  80  percent  of  the 
cases  of  lobar  pneumonia  and  roughly  1.5  per- 
cent .of  the  bronchial  pneumonia  hv  man.  The 
sputum  is  usually  bloody  or  rusty  and  has  a  thick 
viscous  consistency.  In  the  early  stages  of  pneu- 
mococcal pneumonia,  bacteremia  may  be  pres- 
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ent.  Pneumococci  can  invade  ,  other  tissues, 
eitfter  as  complications  of  pneumonia  or-as  in- 
dependent and  primary*  infections,  ^rrom  >he 
respiratory  tract  the  organisms  frequently  spread 
to  the  sinuses  jnd  middle  ear.  A  meningitis  may 
result  from  blood  stream  infection  following  pneu- 
monia*. 

3-0.  Virulent  pneumococci  are  generally 
spread  by  asymptomatic  xrarriers.  The  pneumo- 
cocci are  "opportunist^athogen^-iff  that  they 
apparently  do  not  / invade  Except  when  an 
individual's  resistance  to  infection  declines.  Pneu- 
,  mococcal  pneumonia  can  hasten  the  fatal  termi- 
nation of  such  diseases  as  influenza,  tuberculosis, 
congestive  heart  failure,  and  cancer.  The  orga- 
nism has  also  been'  implicated  in  postsurgery 
complications. 

3-4.  General  .Characteristics.  The  pneumococci 
are  small,  slightly  elongated  cocci  arranged  in 
pairs— diplococci.  In  young  cultures  the  cells 
are  frequently  lancet-shaped,  with  the  adjoining 
ends  flattened  or  slightly  curved.  The  organisms 
may  occur  singly,  jn  pairs,  of  in  short  chains. 
Bneumococct*  are  typically  Gram-positive,  but 
older  cultures  become  Gr^m-negative  and  show  a 
tendency  to  lyse  spontaneously.  They  are  non- 
motile  and  nonspo'reforming.  Virulent  jftieumo- 
coccal  cells  are  surrounded  ,by  a  well-defined 
polysaccharide  .capsule  that  is  prQminent  when 
the  organisms  are  .observed  in  tissue  exudates. 

3-5'.  The  virulence  is,  in  part,  dependent  upoji 
this  capsule  which  functions  as  a  barrier  against 
phagocytosis.  Various  strains  possess  antigenic- 
ally  distinct  polysaccharides  in  the  capsule,  each 
inciting  the  formation  pf  antibodies  in  the  host. 
The  ^antipolysaccharide  ajitibodie^  ate  specific, 
because  once  formed;  they  will  react  typically 
with  only  the  particular  type^of  capsular  poly- 
saccharide that,  initiated  their  production.  Such 
reactions  result  in  th©  desVuctipn .  apd  removal 
of  the  capsule  from  the  cell  wall,  thereby  render- 
ing the  |Dneumococcus  vulnerable  to  phagocytosis. 

3-6.  Gram-stained  smears, of  sputum  or  blood 
specimens  reveal  the  typical  Gram-positive,  lan- 
cet-shaped diplbcocci  'Shown  in\figure  1.  ThA . 
organisms  may  also  be  seen  in  spinal  fluid  sedi-' 
ment,  pleural  fluids,  or  other  exudates  fr°g^g£ 
fected  tissue.  The  presence  of  a  capsule  is  re- 
vealed in  Qram-jStained  smears  asea  thick  halo 
around  the  cell  jvhen  observed  under  reduced 
light%  The  polysaccharide  material  is  more  easily 
'seen  by^jjsrforming  a  capsule , stain  or  an  India 
ink  preparation.?* 

3-7.  Pneumococcal  strains  require  an  en- 
riched medium  for  growth.  The  standard  blbod 
agars  and  broth  media  such  fas  thioglycollate, 
brain-heart  infusion,  Tpdd-HeWitt,   and  trypti- 
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Table  3 

Identification  qf,  Alpha  and  Gamma  STREPTOCOCCUS  Species 


a     -  4 

Species 

•  p 

Source 

Pathogenicity 

SF 
Broth 

,  ^  i 

Mannitol  M 

& 

Inulin 

Reduction 
Methylene 
Blue  Milk 

Colonies  on 
Blood' Agar 

V 

J 

9  Growth  in 
5%  Sucrose 
Jlroth 

Colonies 
5%  Suc- 
%  rose  Agar 

S.  salivarius 

Respiratory 
tract 

*  -X 

*  s 

Mild  respiratory 
tract  infections, 
subacute  bacterial 
.;  endocarditis ,  etc. 

No 
growth 

y 

+ 

\ 

Alpha  .24  to 
48  hours 

No  change 

Large,  muc- 
oid raised. 

5.  tnitis 
f 

Respiratory 
tract  '  . 

Mild  respiratory 
tract  infections , 
subacute  bacterial 
endocarditis,  etc. 

No 
growth 

Alpha  24  to 
4  8  hours 

No  change  ; 

• 

Small  con- • 
ve#.  •> 

S.  sanguis 

Blood 

Subacute  bacterial 
endocarditis  fl 

No 
growth 

Alpha  24  to 
48  hours 

Jelling  of 
broth 

Small,  con- 
vex. 

Streptococcus  « 
• 

•-4 

. Respiratory 
.  tract 

 f1  

Secondary  invader 
primary  atypical 
pneumonia. 

No. 
grow^i^ 

No  hemoly- 
sis 24  hrs. 

Alpha  24  to 
48  hours 

No  change 

Small,  con- 
vex ,  f luo-  ' 
resccnt  in 
ultraviolet 
light. 

5.  faecalis 
(entd^rococcusy 
Group  D)  C 

Intestinal 
*  a  nd  £e  n  i  t  o  - 
urinary 
tracts 

Urinary  tract  in- 
fections ,  peri- 
tonitis, endo- 
metritis, sub- 
acute bacterial 
endoca  rdit  is 

(Trow  t  h 

•* 

•¥ 

■No  hemoly-  * 
s is  24  hrs . 

Slight  alpha 
48  hours 



Nft?  change 

r 

£mall  con- 
vex. . 

'•■/'.OA,    :  N  X 


\ 
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*     Figure  1.    Diplococcus  prjitumoniae — Gram  stain  of 
"  .    blood  culture  smear. 

case  soy  generally  yield  luxuriant  characteristic 
growth.  Pneumofccfcci  are  aerobes,  but  they  grow' 
better .  under  increased  carbon  dioxide  pressure 
such  -as  in*  a  candle  jar,  particularly  on  primary, 
isolation.  On  blood  agar  after  18  to  24  hours' 
ihcjibation  at  37°  C.v  typical  virulent  strains  of 
pneumococci  form  flat,  smooth,  transparent, 
slimy,  or  mucoid  colonies  that  may  be  concave. 
Colonies  measure  0.5  to  1.5  mrn/in  diameter, 
and  are  generally  alpha  hemolytic.  The  pneu- 
mpcocci  pfoduce  an  autolysin  which'  tends  to 
dissolve  their  own  colonies  after,  prolonged ,  in- 
cubation. 

3-8.  There  are  three  rri&jor  cultural  phases  of 
the- pneumo/zoccus.  Thpse  a*e  the  mucoid  (M), 
the  smooth  (S),  and  the  rough  (R)  phases.  The 
mucoid  (M)  form,  represents  normal  colony 4  ap- 
pearance. It  is  duejp  the  formation  of  a  type- 
specific  polysaccharide  in  the  capsular  material. 
The  sfnooth  (S)  form  has  an  even,  shiny  ap- 
pearance. Its,  colonies  lack  the  polysaccharide 
material  of  the  mucoid  phase.  The  rough  (R) 
form  has  a  rough  qr  textured  surface,  and  the 
colony  is  Usually  slightly  smaller.  Like  •  the 
smooth  form,  it  does  not  possess  th$  rrlucpid  type 
polysaccharide.  Most  pathogenic  pneumococci 
are  encapsulated  and  form  the  M  colony.  Loss  of 
the  cap^uk^aeeqmpanied  by  a.loss  of  virulence 
and  antigenic  specificity. 

3-9*.  Laboratory  Identification/  Isolated  .col- 
onies Suspected  to  be  pneumococci  should  ^e 
evaluated  by  twor»  techniques:  (1)  A  sodium 
desoxycholate  (or  bile)  solubijity  test  to  observe* 
for  lysis  of 'the  cells  andi(2)  determination  of 
optochiri  sensitivity.  In  the  sodium  desoxycholaje 


solubility  test,  wfe  add  a  few  drops  of.  10  percent 
sodium  desoxycholate  to  a  .growing,  buffered, 
broth  culture  (pH  7.4).;  Lysis  of  the  cells  in  the 
broth  will  produce  a  visible  clearing  within  10 

9  minutes  if  the  organisms  are  pneumococci.  The 
bptochin  or  Taxo  P©  sensitivity  disks  (ethylhy- 
drdcuprein£  ^hydrochloride)  are  placed  on  the 
heavily  inoculated  area  of  a  blood  agar  plate. 
After  18  to  24  hours  pneumococcal  cultures  ex- 

*<  hibjt  a  large  clear  zone  of  inhibition  around  the 
disk  (jo  growth),  as  seen  in  figure  2.  ' 

3-  10;  Pneumococci  may.  also  be  quickly  aiid 
accurately  identified  by '  serological  typing.  If 
Gram  stains  of  clinical  material  show  the  pneu- 
mococcus  in  relatively  pure  culture,  samples  of 
the:  specimen  may  be  reacted  witij£  type-specific 

v  antisera  on  a  glass  slide  ~and  observed  for  the 
jNeufeld-Quelhmg  reaction.  We  expose  the-orga- 

-.  nism  to  type-specific  antisera  for  the  strains  most 

*  commonly  responsible  for  human  infections. 
When  a-  pneumdcoqcus  type  is  mixed  with  its 
specific*  antipolysaccharide  antibody,  6the  capsule 

t  appears  to  swell  and  becomes  markedly  defined 
under  microscopic  observation.  This  is  the  basis 

|^of  the  Neufeld-Quellung  reaction,  as- shown  in. 
figure  3.  Table  4  shows  howf  we$an  distinguish 
between  pneumococci  and  the  morphologically 
similar  alpha  streptococci  by  employing  a  combi- 
nation of  tests — bile,  solubility  ,>  optochin  sensitiv- 
ity, and  serological  studies. 

4.  The  Corynebacteria  .    *•*  ■ 

4-  1.  The   only   true   pathogenic   species  .of 
-Corynebacterium  is  C.  diph'theriae.    The  three 
varieties   of   this  species — gravis,  intermedins,^ 
and'  mitis — cattse  the  .  disease  diphtheria.-  ■  Th^ 


Figure  2.    Culture  of  Diplococcus  pneumoniae  showing 
zone  of  inhibition. 


Figure  3.    Neufeld-Qiiellung  reaction. 

commonly,  encountered  saprophytic  GrarW-posi- 
tive  bacilli  that  resemble  C.  diphtherial  mor- 
phologically are  referred  to  ,  as  ''diphtheroids." 
They  normally  inhabit  tfte  mucous  membranes  of 
the  respiratory  tract  and  conjunctiva.  Typical  of 
the  diphtheroids  are  Cx?rytie  bacterium  diphihe- 
riticum  (also-  called  Coryneftwterium  hoffmcmii), 
Corynebacterium  striatum,  ante  Qdrynebactermm 
xerosis.  These  members  of  tW  genus  jire  not 
associated  with  diseases  of  man.  Corynebactepia 
are  classified  taxonorriically  as  follows: 

Order  IV.  Zubacteriales. 

Family  XII.  Corynebacteriaceae  <, 
Genus  I.  Corynebacterium. 

.4-2.  Clinical    Significance.  f  Corynebactermifi- 
diphtheriae  is  found  in-  the  upper  respiratt^ 
tract  of  infected  individuals  and  asymptorriatie 
carriers.   The  organism  is  isolated  rarely  from 


Ate.  skin  or  wounds.  .The  bacilli  are  spread  by 
.  nasal -or' oral  droplets,  or  by  direct  contact.  The 
virulent  bacilli  invade  the  mucous  membranes, 
multiply  rapidly,  and  produce  a  powefful  exo- 
toxin.  Absorption  of  the  toxin  by  ,theYJ  raucous 
membrane  yields  an\ acute  inflammatory- response 
and  destruction  of  the  epithelium.  The  accumu- 
v .  lation  of  fibrin,  red  blood  celjs,  and  whita  blood 
cells  results  in  the  formation  of  a  gray,  clotted, 
*  film  or  "pseudomembrane"  that  covers- the  ton- 
sits,  pharynx,  or  larynx. 

4-3.  As  the  disease  progresses, .  the  toxin  is 
absorbed  by  other  tissues.  .The  organisms  remain 
.  localized  in  the  upper  respiratory  tract;  In  clini- 
cally typical  diphtheria,  lesions  and  pseudomem- 
*branes  in  the  throat  usually  yjeki  large  numbers 
of  the  'characteristic  bacilli  upon  direct  micro- 
scopic examination  "of  smears.  It  is  the  exotoxin, 
disseminated  to  the  blood  and  deeper  tissues, 
which  accounts  for  the  symptoms  of  systematic 
^involvement.  * 

4-4.  General  Characteristics.  The  corynebac- 
terta  are  slander.  Gram-positive  rods  measuring 
from  1  to  %  microns  in  length  and  0.3  to  0.8 
micron  in  wiath.  They  usually  exhibit  consider- 
able pleomorphism.  In  additioiKto  straight  or 
r  slightly  curved  rods,  club  or  dumbbell-shaped 
forms  are  common.  The  diversity  -  of  shapes 
stems  from  the*'  irregular  distribution^  of  cyto- 
plasmic granules — metachromatic  or  Babes-Ernst- 
granules — that  distort  the  cell  wall. 

4-5.  In  smears  stained  with  Loeffler's  alkaline 
methylene  blue  "and  similar  dyes,  the  metachro- 
matic granules  appear  as  deeply  stained  bodies 
4gainst  a  lighter  cytoplasm.  This  contrast  gives, 
V7the  cell  a  banded,  barred,  or  beaded  appesfrance. 
\Corynebacteria  are  characteristically  arranged  in 
palisades,  but  V-  or  Y^haped  branching  forrr£ 
aa>y  also  occur.    Microscopic  groupings  have 
ten  compared  to  "Chinese  letters"  or  "piles  of 


Table 

Differentiation  of  Pneumococci  fAom  Alpha  Streptococci 


Organism 

Hemo lysi a 

Colonial  Morphology 

^  <Kuellung 
Reaction 

Ovtoahir^ 
(Taxo-P?®  4 

Pneumococei 

-v.   t  •> 

— '  \    °«  i 

Alpha 

Small,  flat,  shiny  or 
mucoid,  depressed 
center  and  concentric 
rings    fj   .  ' 

Usually 
present 

Pos  it ive 

.  t 

Sens itive 

Alpha 

Streptococci 

Alpha 

Snrall ,  raised  <fome- 
. shaped,  smooth , 
translucent,  or 
opaque  ^ 

Absent  . 

Ne gat  ive 

Resistant 

NOTE:     Colonies  of  pneumococcus  -type  III  are  generally  3/arger,*  raised,  and  more  mucoid,  wi>*h 
,  a  tendency  to  form  confluent  growth.    These  forms^  resemble  droplets  o^  oil. 
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Figure  4.    Corynebacterium  diphtherial 


matches."  as  shown  in  figure  4.,  It  is  important  to 
remember  that  saprophytic  diphtheroids  may  re- 
semble Corynebacterium  diphtheriae;  however, 
diphtheroids  are  usually  short,  thick, »  uniformly 
stained  rods.  In  most,  cases,  the  diphtheroids 
^xhibit  little  or  no  pleomorphism,  as  we  can 
observe  in  figure  5.  y  r>j^ 
1&-6.  Good  growth  of  tlje  corynebacteria  is  usu- 
ally obtained  on  enriched  media  sucl*  as  blood 
agar,  but  Loeffler's  serum  slants  and  potassium 
tellurite  agar  plates  are  recommended  for  pri- 
mary isolation  of  diphtheria  bacilli.  Corynebac- 
teria are  aerobic,  and  they  develop  well  at  37° 
C.  Typical  growth  is  formed  within  18  to  24 
hours  on  Loeffler's  agar.  On  potassium  tellurite 
medium,  characteristic  growth  of  colonies  usually 
requires  /24  to  48  hours'  incubation. 

4-7,  Typical  colonies  of  Corynebacterium 
diphtheriae  are  described  in  table  5,  which  was 
extracted  from  AFM  160-52.  The  organism 
may  also  develop  smooth  (S),  rough  (R),  inter- 
mediate (Sr,  SR.  sR),  and  dwarf  (D)  forms. 
The  smooth  form  is  not  generally  present  on 
potassium  tellurite  agar.'  As  the  name  implies, 
the  intermediates  produce  gradations  in  colony 
texture  between  the  very  smooth  (S)  and  ex- 
tremely rough  (R)  forms,  the  dwarf  (D)  .  col- 
onies are  minute,  measuring  about  0.2  mm.  in 
diameter,  It  is  possible  to  find  colonies  of 
smooth,  rough,  intermediate,-  and  dwarf  mor- 
phology in  routine  laboratory  investigations,  be- 
cause all  have  been  isolated  from  cases  of  diph- 
theria. 

.  4-8.  Laboratory  Identification.  In  searching 
for  pathogens  on  Jblood  agar,  Loeffler's,  and 
tellurite  agar,  we;  use  comparative  colony  descrip- 


tions supplemented  by  microscopic  study  of  slides 
stained  with  Loeffler's  alkaline  methylene  blue 
or  the*  Gram  stain.  CorynebacteriumMiphtheriae 
usually,  grows  more  rapidly  and  more  luxuriantly 
oa  Loeffler's  serum  mediuft^-than  do  contami- 
nating microorganisms  of  the  respiratory  tract, 
with  the  exception  of  the  diphtheroids.  The 
microscopic  morphology  of  diphtheria  bacilli  is 
usually  characteristic  on  Loeffler's  medium,  yet 
often  atypical  on  tellurite  agar.  We  use  the  latter 
medium  because  it  is  inhibitory  to  many  Gram- 
positive  cocci,  and  particularly  to  Gram-negative 
organisms.  Diphtheroids  and  staphylococci  will 
>grow  on  it,  however. 

>-4-9.  Corynebacterium  diphtheriae  can  only  be 
identified  with  certainty  by  demonstrating  the 
production  of  toxin.  Observation  of0 typicS^co- 
lonial  and  microscopic  morphology  is  merelypre- 
sumptive.  Carbohydrate  fermentation  studies  are 
unreliable.  The  toxigenicity*>of  a  given  strain* 
may  be  determined  by  either  in- vivo  or  iri- vitro 
testing,  but  since  the  former  requires-  the  use  of 
laboratory  animals,  the  in-vitro  procedure  is  sim- 
pler and  more  practical.  i 

4-10.  In-vitro  virulence  testing  involved  a,  spe- 
cific, antigen-antibody  reaction,*  *A  piece  of  filter 
paper  (1x7  cm.)  that  has  been  dipped  in 
diphtheria  antitoxin  of  a  potency  equal  to  500 
units/ml.  is  place'd  on  Klebs-Loeffler  (KL)  viru- 
lence medium  ^hile  the  a&r  is  still  soft;  We 
press  the  paperThto  the  meatom,  allow  the  agar 
to  harden,  and  streak  . the  surSfce  of  the  medium 
w^th  material  from  the  suspedced  colony  along  a 
single  line  at  a  right  angleW^ the  filter  paper!  If 
the  Corynebacterfum  spedes  is  toxigenic,  white 
lines  of  a  precipitate  will  be  observed  in  the  agar 


Figure  5.    Corynebacterium  pseudodiphtheriticum. 
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>  Table  5  f 
Colony  Characteristics  of  Corynebactejua 


Species 


C,  diphthmriae, 
•var.  gravis 


Blood  Agar 
(IB  to  24  hours) 


Small,  gray,  dull  opaqutf 
colonies  which  are  non- 
hemolytic. 


C.  diphtheriae , 
var.  inter- 
medius 


Small,  gray,"  dull  opaque 
colonies  which  .are  non- 
hemolytic. 


Loeffler's  Serum 

Medium  * 
(IB  to  24  hours) 


Circular,  convex,  cream- 
.  colored  colonies  with 
raised^centers . 


C  dijohtheriae , 
var,  Xnitis 


Diphtheroid 
bacilli 


*Small,  gray,  dull  opaque* 
colonies*  which  are 
usually  hemolytic. 


^Colonies  considerably 
-variable  and  nonhemo- 
lytic. 


Similar  to  var.  gravis, 


Similar  to  var,  gravis. 


Similar  to  var.  gravis. 


Potassium  Tellurite 
Agar 

(  4B  hours)  • 


Flat,  irregular,  slate- 
gray  colonies  with  a 
dull  surface  (2  to  3  \ 
mm.  in  diameter) . 


Circular,  convex  colo- 
nies with  brownish- 
gray  color  against  a 
white  background 
(0.2  to*  0.3  mm.t  in 
diameter) . 


Black,  convex  colonies 
wit^  a  glistening 
surface  (1.0  to  1.5 
mm .  in  diameter) . 


Flat  colonies,  light 
gray  or  dark  in  » 
center  with  wjiite  or 
gray  translucent 
periphery. 


*  Certain  dy&theroids  form  colonies  that  are  dull  and  flat  with  a  slightly  rough  surface  4 
Others  forinWstaphylococcus-lilce  colonies  that  are  large,  grayish  white  and  smooth  surfaced.  Yel- 
lowish pigmented  forms  resembling.  Neisseria  spp ,  are  occasionally- encountered. 


after  a  period  of  incubation.  The  precipitate 
appears  at  the  boundary  between  the  diffusing 
antibody  (antitoxin)  and  the  toxin  (antigen) 
liberate^  by  thp  culture.   The  reaction  on  the 


plated  medium  is  easily  observed  over  a  dark 
background  under  oblique  light.  Nontoxic  straihs. 
will  not  exhibit  fines  of  precipitation,  because  no 
toxin  is-nroduced  to  react  with  the  antitoxin. 


Table  6 
Characteristics  of  Diphtheroids 


Name 

Blood  Agar 
(IB  to  24  hours) 

Loeffler 's  Serum 
(IB  to  24  hours) 

Loeffler* s  Methylene 
Blue  Stain 

C.   enzymicum  - 

Small.,  colorless  ,  moist , 
or  yellow-white 

Fine,  moist,  confluent 
growth 

Similar  to  C . 
diphtheriae  , 

C.  striatum 

Circular,  white,  smooth, 
entire.     Fifth  day, 
slight  hemolysis 

Slightly  raised,  con- 
vex 1 

Coccoid  and  long  fila- 
mentous forms .  Large 
metachromatic  gran- 
ules appear  as  reg- 
ular bars 

C,  xerosis 

Minute,  circular, 
almost  transparent , 
raised ,  smooth ,  pearly 
white 

Thin,  gray,  adherent 

Exhibits  polar  stain- 
ing 

C*  ps.eudo- 
diphtkeritiatfm 

Gray  to  cream,' smooth, 
entire 

 A  

Gray  to  cream,  smooth 
entire 

Fairly  uniform  in  size. 
No  swollen  ends;  not 
barred.  Granules 
usually  absent 

C.  acnes 

Very  small,  circular, 
transparent ,  rose  f 
colored  (late) 

Small,  gray,  (late 
rose  colored)  v 
+ 

Quite  long,  Aub 
shaped;  sometimes 
possess  rudimentary 
branches 

( 


t 


t 


A.  YOUNG  CULTURE 

B.  AFTER  2  DAYS'  INCUBATION  AT  37*C 
•Figure  6.    Listeria  monocytogenes. 


1. 


4-  1 1.  It  is  seldom  necessary  to  distinguish  be- 
tween species  of  the  diphtheroids.  The  task  of 
differentiating  diphtheroids  from  the  diphtheria 

.(  bacillus  is  made  easier,  however,  if  you  are  fa- 
t>  milihr  with  the  colonial  and  cellular  morphology 
described  in  table  6.  »  The  anerobic  diphtheroids 
are  rarely '  found  in  disease  processes,  but  they 
have  been  implicated  in  cases  of  subacute  bac- 
terial endocarditis  frfem  time  to  time.  Corynebac- 
teriurn  aches,  the  most  common  anaerobic  diph- 
theroid, has  been  confused  with^  Actinomyces 
species.  Since  the  actinomyces  are  catalase  ne$- 

V^^tive  and  the  cbrynebacteria  are  positive,  differ- 
entiation is  not  difficult. 

5*  Listeria  Infections 

5-  1.  Listeria  monocytogenes  is  a  little  known 
relative  of  the  corynebacteria  isolated  from  rab- 
bits in  1926.  Morphological  similarity  to  the 
diphtheroid  forms  is  clearly  shown  in  figure  6. 
Since  the  organism  ^ias  been  recovered  in  the 
laboratory  o%  relatively  few  occasions,  its  prev- 
alence as  a  disease  ^agent  in  humans  has  not 
been  fully  established.  > \ 

5-2.  The  disease  listerosis,  oc  "glandular  fe- 
ver," is  an  acute,  benign  lymphoblastosis  of  chil- 
dren and  young  adults.  The  microorganism  has 
been  implicated  in  cases  0)f  mptrinritis,  septice- 
mia, and  abortion.  Its  taxondnjjcA position  is 
shown  below:  '  . ,  .-    J  , 

Order  IV.  Eubacteriales 

Family  XII.  Corynebacieriaceae 
Genus  II.  Listeria  M 


5-3.  General  Characteristics*  L.  monocytogenes 
♦is  a  Gram-positive,  nonsporeforming  rod  with 
rounded  tnds.  No  capsule  is  farmed.  The  cell 
measures  0.5  to  0.6  micron  wide  and  0.5  to  2.0 
v  microns  in  length.  The  bacilli  often  fQrm  "pali- 
sades'9 on  Goim-stained  smears,  as  shown  in 
figure  6A.  Metachromatic  granules  arc;  not  ob- 
served. The  organisnx  is  actively  motile  by 
(   means  of  peritrichous  flagella. 

5-4.  Optimum  ingubatioh  temperature  is  37° 
*  C.  This  facultative  aerobe  grows  well  aerobie- 
ally  in  a  neutral  or  slightly  alkaline  medium,  as 
J>J$wn  in  figure  6B.  It  tolerates  a  high-concen- 
tration salt  medium.  It  usually  produces  a  beta 
hemolysis,  but  this  characteristic  is  not  constant. 
On  sheep,  human,  or  rabbit  blood  the  colonies 
are  small  (0.8  to -2.0  mm.  in  diameter)  and  gray 
or  white  iji  color,  as  shown  in  figure  7.  Hemoly- 
sis may  not  develop  for  48  hours  on  human  or 
rabbit  blood,  but  on  sheep  blood  it  is  detectable 
within  24  hotirs.  On  potassium  tellurite  medium 
the  colonies  are  black,  circular,  and  smooth; 
they  measure  about  Q.25  to  0.5  mm.  in  diameter. 
Both  rough  and  smooth  colqny  forms  can  develop 
on  the  more  common  media. 

5-5.  Laboratory  Identification.  Isolation  of  the 
organism  from  blood,  spinal  fluid,  and  meconium 
can  be  made  on  a  medium  containing  phenyle- 
ethanol  agar,  lithium  chloride,  and  glycine.  After 
incubation  for  24  hours  at  37°  C.  the  plates 
should  be  examined  with  a  hand' magnifying  lens. 
The  colonies  appear  blue  grefcn  in  color;.  The 
motility  of  listeria  can  best  be  demonstrated  by 
using  a  dextrose  semisolid  agar  stab  culture.  Two 
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A.  BY  REfLE 

B.  BY  TRAN 

Figure  7.,  Lisu 

i 

tubes  should  be  inoculated;  one  to  be  incubated 
at  37°  C.  and  the  other  at  25°  C.  Motility  in  the 
agar  is  more  pronounced  at  25°  C.  A.  ring  forms 
just  beneath  the  surface*  of  the  agar;  cloudlike 
growth  then  extends  downward  from  the  ring. 

5-  6.  Care  niust  be  taken  in  examining  blood 
agar  plates  to  insure  that  colonies  giving  beta 
hemolysis  are  not  confused  with  beta  hemolytic 
streptococci.  A  stained  slide  will' show  the  differ- 
ence in  morphology.  Listeria  grows  on  tellurite 
agar  and  must  not  be  mistakenly  discarded  as  a 
diphtheroid.  Foldout  2  shclws  that  determination 
of  catalase  activity,  a  motilty  tes|^nd  scanning 
a  slide  for  metachromatic  gjgames  will  disting- 
uish between  Listeria  monocytogenes  and  the 
corynebacteria  diphtheroids. 

6.  Erysipelothrix  Infections  ^ 

6-  1.  Erysipelothrix  insidiosa  is  the  causative 
agent  of  the  disease,  erysipeloidosis,  and  has  a 
predilection  for  the  skin,  joints,  and  endocardium. 
The  disease  is  primarily  an  occupational  'one, 
affecting  individuals  who  handle  fish,  shellfish, 
poultry,  and  certain  meat  products,  particularly 
pork.  The  taxonomic  classification  of  Erysipelo- 
thrix is  as  follows: 

Order  IV.  Eubacteriales 

Family  XII.  Corynebacteriaceae  ' 
*    Genus  III.  Erysipelothrix 

6-2..  General  Characteristics.  There  is  ;i  mor- 
phological similarity  between  Erysipelothrix  in- 
sidiosa  and  Listeria  monocytogenes.  The  smooth 
erysipelothrix  colonies  reveal  slender  Gram-posi- 


4 TED  LIGHT 
EMITTED  LIGHT 

\  o 

monocytogenes. 

tive  rod^,  measuring  about  0.2  to  0,4  micron  by  * 
0.4  to  2,5  microns.   The  rods  are  straight  or 
curved;  with  rounded  ends.  The  cells  frqm  rough 
colonies  may  also  appear  as  long  filamentous 
structures. 

6-3.  Erysipelothrix  insidiosa  grows  poorly  on 
simple  media.  The  addition  of  serum  or  glucose 
enhances  growth.  The  rough  colony  form  of 
growth  is  favored  at  37°  C,  while  the  smooth 
colony  is  j^pduced  at  33°  C.  After  a' 24-hour 
incubation  period,  the  small,  rough  colony  has  a 
matte-surface  with  an  edge  similar  to  anthrax 
colonies.  The  smooth  colonies  are  round,  water  . 
clear,  and  glistening^  Many  of  these  colonies 
produce  an  alpha  hemolysis  on  blood  agar  after 
prolonged  incubation.  This  genus  is  facultatively 
anerobic,  although  it  tends  to  grow  microaero- 
philically.  It  is  catalase-negative. 

6-4.  Laboratory  Identification.  The  provisional 
diagnosis  of  erysipeloidosis  isfbased  primarily  on 
clinical  findings,  but  the  final  diagnosis  rests  on 
the  isolation  and  identification  of  Erysipelothrix 
insidiosa  from  suspected  lesion^  Biopsies  of  the 
lesion  should  be  taken  for  culture,  because  posi- 
tive cultures  are  rarely  obtained  from  swab  speci- 
mens. Initial  cultivation  should  be  started  in  a 
glucose  broth,  with  subsequent  subculture  to 
blood  agar  plates.  In  a  gelatin  stab,  the  growth 
is  filiform  at  first;  then  lateral  radiating  growth 
appears,  lending  a  "test  tube  brush'1  appearance. 
On  gelatin  slants,  the  smooth  (S)  forms  remain 
along  the  line  of  inoculation,  whereas  the  rough 
(R)  form  spreads  out  over  the  surface. 

6-5.  Differentiation  of  the  three  genera  Cory-. 


nebactcrium,*  Listeria,  and  Erysipelothrix*  \s  im-^ 
portant.  Foldout  2  lists  some  of  the  'characterise 
.  tics  which  help  in  distinguishing  them.  The-most 
clear-cut  difference  is  the  „  absence  of  catalase 
production  in  Erysipelothrix,  but  motility  and 
microscopic  morphology  are  helpful. 

7.  Bacillus  Anthracis 

7-1.  Among  tha  members  of  the  genus  Bacil- 
lus, only  Bacillus  anthracis  (anthrax  bacillus)  is 
clearly  established  as  a  pathogen.   The  sapro- 
phytes, B.  subtilis,  B.  megaterium,  and  B.  cOteus 
are  important,  howeyer.  because  their  micro- 
scopic and  colonial  morphology  is  often  indistin- 
guishable from  that  of  the  anthrax  .bacillps.  The 
saprophytic  species  from  soil  and  air  frequently 
.     occur  as  laboratory  contaminants.    The  taxo- 
nomic  classification  of  the  bacilli  is  as  follows: 
Order  IV.Eubacteriales 
Family  XIII.  Bacillaceae 
Genus  L  Bacillus       *  %'V 

7-2.  Clinical  Significance/  Anthrax  is  primarily 
a  disease  of  herbivorous  animals  incurred  during 
grazing  on  pastures  contaminated  by  anthrax 
spores.  Viable  spores  germinate  in  the  intestinal 
tract  orjhe  buccal  mucosa,  and  the  bacilli  are 
disseminated  via  the  lymphatics  to  the  -Wood- 
stream  and  deeper  tissues.  Infections  in  man 
are  almost  always  of  animal  origin,  occurring  in 
butchers,  herdsmen,  woolhandlers,  tanners,  and 
other  occupational  groups  dealing  ^with  infected 
,  animals  or  their  products. 

7-3?  The  organisms  may  enter  thrdug^i  the 


^skm.  the  respiratory  tract,  or  the  intestinal  mu- 
cosa. Cutaneous  anthrax,  the  nost  cpmmon  form 
of  human  infection,  results  from  direct  contact 
with  ipfected  tissue,  hides,  hairs,  or  bristles.  Skin 
lesions  may  liberate,  bacilli,  resulting  in  septi- 
cemia and  widespread  involvement  of  internal 
organs.^  Primary  pulmonary  anthrax  arises*  from 
mhalatyn  of  Spores  disseminated  into  the  air 
during  the  processing  of  infected  materials,  espe- 
cially animal  hides  and  fleece.    Symptoms  .of 
pneumonia  often  progress  to  a  fatal' septicemia 
in  untreated  cases.    Intestinal  anthrax  results, 
from  consumption  ^  insufficiently  cooked  meat 
^from  infected  animals  or  from  ingestion  of  foodt 
contaminated  with  spores.   Pulmonary  anthrax 
and  infections  of  the  intestinal  tract  are  very 
rare  in  man.  but  the  latter  are  the  most  common 
form  of  the  disease  in  animals. 

7-4.  bacillus  anthrads  produces  no  soluble  ex- 
otoxin or  endotoxin.  Virulence  is  apparently  as- 
sociated with  the  ability  to  form  a  capsule.  The 
capsule  is  composed  of  polypeptide  made  up  bf 
d-glutamic  apid  units  instead  of  the  polysaccha- 
rides common  to  capsules  of  most  other  bacteria.  . 

7-5.  The  vegetative  cells  of  Bacillus  spp.  are 
no  more  resistant  to  disinfectants  or  heat  than 
other  bacteria,  but  the  spores  are  highly. resistant. 
Anthrax  spores  have  been  known  to  survive  for 
decades  in  soil.  .The  spores  ordinarily  survive 
.boiling,  for  several  minutes  and  exposure  to  most 
disinfectants  must  be  prolonged  to  be  elective. 
Standard  sterilization  temperatures  and*  the  usuai 
periods  of  heating  in  the  autoclave  successfully 
destroy  all  bacillus  spores.  t 
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Figure  8.    Bacillus  anthracis. 
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Figure  9.   Bacillus  sub t Ms. 


7-6.  General  Characteristics.  Members  of  the 
genus  Bacillus  are  large^  Gram-positive,  spore- 
forming*  rods,  usually  occurring  in  chains,  as 
shown  in  fig&re  8A.  Individual  cells  range  be- 
tween 1  to  1.2S  microns  in  width  and  3  to  10 

Sicrons  in  length,  Bacillus  anthracis  is  encapsu- 
ted  and  nohmotile,  but  the  many  saprophytic 
forms  lack  capsules-  and  are  usually  actively jno- 
tile.  Tlte  encapsulated  cells  of  B.  anthracisftound 
in  direct  smears  of  clinical  specimens  are  rarely 
observed  in  smears  from  laboratory  cultures. 
Most  bacilli  appear'  as  long,  straight-sided  rods' 
with  curved  ends,  but  the  cells  of  B.  anthracis 
often  possess  swollen,  square,  or  concave  ends. 
B.  anthracis  does  not  ^porulate  in  living  tissue, 


but  spores  are  formed  when  the  organism  is  V 
*  expoged  to  the^  external  environment. 

7-7.  In  Gram  stained  smears  of  exudates  and 
blood,  B.  anthracis  is  seen  as  large  Gram-positive 
bacilli,  usually,  in  chains  of  two  to  six  cells.  The 
bacilli  may  be  numerous  in  blood  §mears  from  - 
generalized  anthrax.  The  capsules  cannot  be 
clearly  observed  in  Gram-stained -  preparations, 
yet  their  presence  may  be  noted  as  imperfectly 
stained,  granular  halos  with  ragged  edges.  In 
films  of  exudates,  blood,  and  tissue  impressions 
stained  with  Wright's  or  Giemsa's  stain,  anthrax 
bacilli  appear  bluish-black,  with  a  .clearly  de- 
fined, pinkish  capsular  substance  surrounding 
them. 
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Table  7 

Differentiation  of  Bacillus  Anthracis  from  Saprophytic  (Pseudoanthrax) 

Bacillus  Species 


Organism 

Colonies  on  Blood  Agar 

Hemolysis 

Motility 

Ca  p'eule 

 V 

Mouse  or 
Guinea  Pig 
Virulence 

Virulent  B. 
anthracis 

Rough,. dull,  and  irreg- 
ular ("frosted  glass'1) 

Avirulent  B. 
anthracis, 

Rough,  dull,  and  irreg- 
ular ("frosted  glass") 
or  smooth  or  mucoid^ 

Saprophytic 
(pseudoan- 
thrax) 

BaoilluQ  8pp.* 

Rough,  dull,  flat,  ir-' 
regular,  and  often 
spreading.  Occasional- 
ly smooth,  shiny,  and 
compact 

+ 

(usually)- 

(usual ly) 
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7-8.  All  Bacillus  spp.  propagate  rapidly  as 
aerobes  or  simple  basic  media,  and  the  addition 
of  special  enrichments  such  as  blood  or  carbo- 
hydrates does  not  substantially  improve  growth. 
Growth  occurs  over  a  wide  range  pf  temperature 
for  mosf  species,  especially  the  saprophytic 
forms.'  The  optimum  incubation  temperature  for 
B.  anthracis  is  37°  C.  Spores  are  formed  abun- 
dantly at  32°  C.'to  35°  C. 

On  blood  agar  affer^l8  to  24  hours'  in- 
cubation/typical  colonies  of  the  anthrax  bacillus 
are  2  to  3  mm.  in  diameter  and  appear  gray- 
white,  opaque,  and  dull,  with  irregular  edges 
and  a  rough  "frosted  glass"  appearance  (fig. 
8B).  Since  B.  subtilis,  B.  cereus,  B.  megateriwn, 
and  othe/  saprophytic  species  may  exhibit  the 
same  colonial  morphology,  they  are  often  re- 
ferred to  as  pseudoanthrax  bacilli  or  "anthroids." 
Morphology  of  B.  subtilis  is  seen  in  figure  9A. 

7-10.  Laboratory  Identification.  Hemolysis  is*" 
an  important  basis  for  differentiation.  Anthrax 
colonies  are  nonhemolytic  or  weakly  hemolytic 
on  blood  agar  (fig.  8B),  while  pseudoanthrax 
forms  are  usually  surrounded  by  a  definite  zone 
of  hemolysis,  as  shown  in  figure  9B.  Table  7 
sums  up  the  morphological  differences  that  pro- 
vide the  baste  for  laboratory  identification.  The 
capsule,  is  a  key  factor  only  in  smears  taken 
directly  from  tissue  or  body  fluids.  Motility  test- 
ing is  useful,  although  this  property  is  variable  to 
some  extent  among  the  saprophytic  species. 

7-11.  Animal  virulencetests  confirm  the  path- 
ogenicity of  organisms  isolated  in  the  laboratory. 
Fresh  specimens  of  blood,  sputtim,  macerated 
tissue,  exudates  from  lesibns,  or  saline  suspen- 
sions of  24-hour  nutrienf  $gar  slant  cultures  are 
inoculated  subcutaneously  into  the  abdomen  of 
white  mice  or  guinea  pigs.  Large  inocula  are  npt 
necessary  because  less  than  100  organisms  will 
usually  prove  lethaL  After  36  Hours,  animals 
give  evidence  of  illness  and  exhibit  doughy 
swellings  around  the  area  of  inoculation.  Death 
majuoccur  in  less  than  48  houip,  but  3  to  4  days 
are  ordinarily  required. 

7-12.  In  laboratory  animals  dying  from  an- 
thrax, a  yellow  gelatinous  exudate  will  be  found 
in  the  subdermal  region  near  the  point  of  injec- 
tion. Often  this  exudate  extends  aver  large  areas 
of  the  abdominal  subcutaneous  connective  tissue. 
The  blood  vessels  and  the  mesenteries  show 
marked  congestion  and  hemorrhages  near  the  in- 
jection site.  The  spleen  is  greatly  enlarged  and 
much  darker  than  normal.  Although  anthrax 
bacilli  can- usually  be  demonstrated  in  stamed 
smears  of  blood  or  any.  of  the  tissues,  examina- 
tion of  the  spleen  is  most  productive. 


8.  The  Clostridia 

'8^1.  Bergey's  Manual  of  Determinative  Bac- 
teriology (7th  Ed)  Hsts**93  different 'species  of 
Clostridium.  Some  of  these  species  are  further 
subdivided  into  serological  types.  Fortunately, 
not  all  are  encountered  in  routine  bacteriological 
examination,  but  -several  species  are  cjf  great 
medical  importance.  Unlike  the  other  members 
of  the  family,  Bacillaceae,  the  genus  Clostridium 
consists  of  obligate  anaerobes.  Taxonomic  classi- 
fication is  as  follows: 

Order  IV.  Eubfictericdes  v 
Family  XIII.  Bacillaceae 
Genus  II.  Clostridium 


r  •  1 

!-2.  <ClinicaI.  Significance. '  Clostridia  are  dis- 
tributed worldwide  in  soil  and  the  intestinal  tract 
of  animals.  The  pathogenic  species  are  responsi- 
ble for  botulism,  tetanus,  and  gas  gangrene.  The 
first  two  diseases  are  intpxiedtions  caused  by  exo- 
toxins whose  potency  matches  of  exceeds  that  of 
snake  venqm.  Gangrene  is  a  true  infection  ac- 
companied^ by  severe  and  extensive  tissue  de- 
struction.  ;•:  . 

8-3.  Clostridium  tetansis  the  etiologic  agent  of 
tetanus  (lock  jaw).  This- disease  follows  the  in- 
troduction of  tetanus  spores  (from  soil  or  feces) 
into  puncture  wounds,  buAis,  surgical  sutures,  or 
traumatic  injuries.  If  anaerobic  conditions  pre- 
vail in  the  wound,  thfe  spores  germinate  to  form 
the  vegetative .  bacilli  which  produce  the  toxin 
whose  action  precipitates  the^disease.  The  rap- 
idly absorbed  toxin  acts  off^the  tissue  of  the 
spinal  cord  and  peripheral  motor  nerve  ending?. 
The  toxemia  is  evidenced  by  muscle  spasms  near 
the  site  of  infection  and  subsequent  spasms  of 
the  jaw  muscles  (lockjaw).  The  nerves  of  other 
voluntary  muscles  are  progressively  involved, 
&  causing  tonic  spasms  and  convulsion?.  * 

8-4.  Clostridium  botulinum  is  responsible  for 
an  often  fataHype  of  food  poisoning  called  bot- 
ulism. Outbreaks  occur  following  the  ingestion 
of  food  in  -which  the  organism  has  produced  a 
highly  potent  exotoxin.  In  the  anaerobic  environ- 
ment of  a  foodstuff,  the  spores  germinate  to 
form  vegetative  cells  which,  in  turn,  produce  the 
toxin.  The  spores  will  withstand  a  temperature 
of  1Q0°  C.  for  at  least  3  to  5  hours. 

8-5.  Toxin-containing  foods  may  4  appear 
spoiledUand  rancid,  and  cans  may  be  swollen  due 
*to  gas  formation  by  the  organism.  In  some  casls, 
however,  the  food  ^appears  entirely  inn^uous. 
^he  toxin  kself  is  destroyed  by  heating  the  food 
at  100°  C.  for  W  minutes.  Outbreaks  of  botu- 
lism' are  rare  in*  the  United  States  because  of 
rigid  quality  control  in  commercial  canning/and 
food  preservation.  Nevertheless,  cases  of  botu- 
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Figure  10.    Clostridium  tetani. 

lism  still*  occur  from  consumption  of  home-pre- 
^served  foods  coiltaiflirig  C/.  botttlinum  exotoxin' 
spores. 

8-6.  There  are  six  antigenically  distinct  types 
of  CL  botulinwn  toxin  designated  A  through  F. 
Humans  are  affected  by  types  A  and  E,  and 
occasionally  by  type  B.  There  is  to  date  only 
one  incident  of  poisoning  in  man  by  types  C, 
~l)Vand  F.  Type  A  toxin  is  the  most  poisonous 
Stpstance  known.  From  18  to  48  hours  follow- 
ing the  consumption  of  toxic  food,  neurotoxic 
symptoms  are  evidenced  by  visual  disturbances, 
inability  to  swallow,  and  speech  difficulty.  Pro- 
gressive signs  of  bulbar  paralysis  are  exhibited, 
and  the  disease  can  terminate  fatally  from  res- 
piratory failure  and  cardiac  arrest. 

8*-fS  The  organisms  m§st  commonly  causing 
gas  gangrene  are  Clostridium  perfringens,  CL 
novyi,  and  CL  septicum.  CL  perfringens  has  five 
toxin  tyneS  designated  as  "ft  through  E.  Type  A 
produces  the  classic  gas  gangrene  in'Jhumajns.  CL 
novyi  ft  divided  into  four  toxigenic  types:  A,  B, 
C,  and  D.  Type  A,  again,  is  implicated  in  gas*' 
gangrene  of  hunjans.  CL  perfringens  is  the  most 
frequent  cause  of  the  disease,  either  singly  or  in 
combination  with  other  anaerobes; 

8-8.  Gangrene  develops  as  a  complication  qf 
severe  traumatic  injuries,  especially  lacerated 
wounds  accompanied  by  a  cortipound  fracture.  In 
these  injuries  the  blood  circulation  to  a  local  tissue 
area /'is  pften  impaired  or  destroyed.  The  result- 
ing necrotic  tissue,  void  of  oxygen  and  rich  in 
Microbial1  nutrients,  affords  ideal  anaerobic 
environment  in  which  clostridial  spores  germinate 
and  multiply.  The  Organisms  actively  metabolize 
tissue  carbohydrate^  tq  acid  and  gas.  The  gan- 


grenous process  extends  to  other  tissues  primarily 
,  as  a  result,  of  exotoxins  excreted  by  the  patho- 
genic Clostridia.  .In  addition,  bacterial  enzymes 
may  exhibit  hemolytic,  necrotizing,  and  lethal  ef- 
fects on  tissue  cells. 

8-9.  Gas  gangrene  is  usually  a  mixed  infection 
of  toxigenic  (toxin-producing)  and  proteolytic 
(protein-destroying)  Clostridia  and  other  Gram- 
positive  or  Gram-negative  anaerobic  organisms. 
The  accessory  organisms  may  contribute  to  the 
severity  of  infection.  The  ahtitoxin  employed  in 
treating  gangrene  usually  consists  oi  pooled,  con- 
centrated immune  globulins  against  toxins  of  CL 
perfringens,  CL  novyi,  and  CL  septicum. 

8-10.  General  Characteristics.  Members  of  the 
genus  Clostridium  are  large,  Gram-positive  rods 
of  ^Variable  length  and  brefcdth,  ranging  from  long 
filamentous  forms  to  short  plump  bacilli.  In  an 
appropriate  environment,  most  species  produce  a 
single,  round  or  oval  spore,  which  may  be  located 
centrally,  subterminally,  ot  terminally  within  the 
vegetative  cell.  The  spores  appear  as  swollen 
bodies  since  they  are  generally  wider  than  the 
diameter  of  the  rods  in  which  .they  develop.^  The 
/shape  and  position  of  the  spore.^as  well  as  the 
fact  that  it  does,  or  does  not,,  distort  the  vegeta- 
tive3" cell  are  characteristics  which  Jielp  in  species 
'identificatipn.  :N  ^ 

8-11.  Spores  of  Clostridia  are  riot,  stained  by 
the  routine  analine  dyes.  Jn  Gram  and,m£thylene 
blue  stained  smears,  spores  are  seeia  as  -un- 
stained areas  against  the  darkly  staining  cyto- 
plasm, or  as  free  hyaline  bodies  shown  in  Tigtijre 
10.  The  relatively  impervious  spores  may ;-b^ 
effectively  stained  by  the  Wirtz-Conklin  technique-* 
discussed  in  Chapter  4  of  Volume  1.  Stained 
smears  of  culture  materials  usually  reveal  spores, 
except  that  CL  perfringens  fails  to  spbrulate  on 
most  laboratory  media. 

-41-12.  Gram-stained  smears  of  fresh  clinical 
specimens  show  large  Gram-positive  rods  with  or\ 
without  spores.  Unfortunately,  however,  the.  ba- 
cilli of  gas  gangrene  'cannot  be  distinguished 
morphologically  from  the  saprophytic  putrefac- 
tive anaerobes  that^may  be  associated  with  gan- 
grene. Frequently,  specimens  from  gangrenous 
lesions  are  contaminated  with  Gram-nega&ve  rods 
and  Gramrpositive  cocci.  For  thesp  reasons,  direct 
smears  are)  only  of  presumptive  value,  and  gan- 
grenous lesions  must  be  cultured.  Direct  exami- 
>  nation  of  suspend  foods  from  outbreaks  of  bot- 
ulism is  of  tittle  -  or  no  value,  since  very  few 
organisms  are  ordinarily  present  in  such  speci- 
mens. 

^  %S-13.  The  Clostridia  are  obligate  anaerobes. 
The  majority  of  them  are  motile,  but  CL  per- 
fringens, the  species  most  frequently  isolated 
from  clinical  material,  is  nonmotile.  Growth  may 
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Figure  11.    Clostridium  perfringens. 

be  obtained  over  a  wide  range  of  temperature, 
but  37°  C.  is  optimum  for  pathogenic  species. 
Although  the  •nutritive  requirements  among  the 
Clostridia  vary,  the 'organisms  can  be  isolated 
from  specimens  using  blood  agar  or  thioglycollate 
medium  containing  0.6  ^percent  glucose.  Anaero- 
bic conditions  may  be  provided  by  incubating 
the  inoculated  blood  agar  plates  in  a  Brewer 
anaerobic  jar.  The  Clostridia  grow  well  in  the 
depths  of  thioglycollate  medium,  which  provides 
the  necessary  afiaerobic  conditions  without  the 
necessity  of  providing  an  airtight  seal  for  the 
mouth  of  the  culture  tube. 

8-14.  Laboratory  Identification.  On  blood 
agar,  after  48  hours  anaerobic  incubation  at  37° 
C.  typical  colonics  of  almost  all  Clostridium  spp. 
produce  distinct^beta  hemolysis:  Clostridium  >per- 
fringens,  however,  may  exhibit  a  "target"  or  dou- 
ble zone  of  hemolysis,  as  shown  in  figure  11. 
This  is  seen  as  a  definite,  narrow  1  to  2  mm. 
zone  immediately  around  the  colony,  surrounded 
by  a  wider  4  to  5  mm.  zone  of  partial  hemol-f 
ysis.  If  growth  6f  large  Gram-pdsitive  bacilli  is* 
obtained  on  blood  agar  in  an  anaerobic  *cultifre, 
a  member  of  the  gejius  Clostridium  should  be 
strongly  suspected.  On  the  other  hand,  if  only 
thioglycollate  medium  is  used  and  ip  yields  Gram- 
positive  organisms  from  the  specimen,  we  must 
take  one  additional  step,  inoculate  some  of  tjje 
broth  to  two  *lood  agar  plates,  and  incubate  one 
plate  aerobically,  the  other  anaerobically.  Con- 


firmation that  the  isolate  is  an  obligate  anaerobe 
is  essential,  since  thioglycollate  broth  will  support 
the  growth  of  aerobic  Bacillus  spp.  as  well  as 
-  the  anaerobic  Clostridium  spp. — both  Gram-posi- 
tive rods.  0 

8-15.-  In  addition,  to  Clostridia,  gangrenous  in- 
fections may  contain  coliform  bacteria,  Pseudom- 
onas  spp.  or  Proteus  spp.  Under  such  circum- 
stances, the  primary  anaerobic  blood  agar  plate 
may  be  overgrdwn  with  these  Gram-negative  or- 
ganisms, thereby  making  the  isolation  of  Clos- 
tridium spp.*  on  blood  agar  difficult  or  impossible. 
If  overgrowth  occurs,  incubate  ,  the  primary  thi- 
oglycollate medium  (inoculated  at  the  time  the 
plate  was  streaked)  for  48  to  72  hours.  During 
this  extended  period  of  incubation  the  Gram-nega- 
/  tive  bacilli  will  tend  to  die  out,  allowing  isola- 
tion of  Clostridia  in  subculture. 

8-16.  When  spores  of  a  possible  Clostridium 
spp.  are  seen  ii\  thioglycollate  medium  containing 
„   a  mixed  culture,  heat  resistance  of  the  spore  form 
may  be  used  to  advantage  in  obtaining  isolation. 
An  inoculum  consisting  of  a  sample  of  the  mixed 
bacterial  culture  is  placed  in  a  fresh  tube  of  thi- 
oglycollate medium  and  heated  at  80°  C.  for  15 
to  30  minutes.  This  heating  will  destroy  all  veg- 
etative cells,  but  not  the  spores.    The  heated 
medium  is  then  incubated  for  24Ato  48  hours, 
apd  the  germinating  spores  give  rise  to  a  popu- 
lation of  Clostridia  ftbQjrf  nonspdreforming  spe- 
cies. Rarely  >Will  Clostridium,  perfringens  be  iso- 
lated by  this-  method,  however,  because  the 
bacterium  generally,  fails  to  sporulate  in  culture. 
^,    8-17.  Bacteria  may  b^tentatively  identified  as 
members  of  the  genus*  Clostridium  on  the  basis  of 
strict  anaerobiosis,  and  characteristic  microscopic 
ancj  colony  morphology.   Final  identification  is 
dependent  upon  the  results  of  biochemical  studies 
and  the  demonstration  of  exotoxin  production. 
In  foWout  3  we  note  that  species  differentiation 
is  baited  on  fermentation  of  a  number  of  carbo- 
hydn^es,  along  with  differences  in  "proteolytic  ac- 
tivity and  reactions  to  metabolic  tests^  have 
discussed  previously.  Media  inoculStedtq  detect 
carbohydrate  fermentation  (usualiy  a  trypticase 
agar  augmented  by  a  sugar)  must  be  examined 
for^cid  production  at  regular  and  frequent  inter- 
vals between  8.  and  24  hours.   Otherwise,  de- 
struction pfthe  indicator  by  certain  Clostridia  may 
give  erroneous  results.  1 


The  Gram-Negdtive  Cocci  and  Coccoid  Forms 


THE  BACTERIOLOGISJ  has  long  been  ac- 
quainted with  membere/of  the  family  Neis- 
seriaceae, the  true  Gram-riegative  cocci,  because 
two  species  of  the  aerobicygeijus  Neisseria  have 
proved  to  be  persistent  challenges  tp  the  medical 
profilpion.  Neisseria  gonorrhoeae'^  the  causative 
agent  of  the  venereal  disease,  gonorrhea,  is  still 
prevalent  around  &e  world.  The  meningococcus, 
N.  meningitidis,  poses  a  constant  threat  in  the 
form  of  outbreaks  of  cerebrospinal  meningitis, 
even  in.  the  most  advanced  nations. 

2^  The  other  organisms  of  the  family  Neis- 
seriaceae,  the  anaerobic  WeiHonella  species,  are 
nof  las  well  known,  but  thesfc  Gram-negative  cocci 
are  associated  with  disease' as  secondary  invaders 
or  as  "opportunist  pathogens."  The  bacteriologist 
must  now  also  contend  with  three  genera  of  - coc- 
^cuSlike  (coccoid)  organisms  whose  relationship  to 
human  disease  has  only  been  appreciated1  in  re- 
cent years:  Mima,  Herellea,  and  MoraxeUfi.  The 
morphological  similarity  of  these  genera  to  the 
^Neisseria  and  Veillonella,  and' the  occurrence  of 
each  of  these  groups  in  clinical  specimens,  com- 
pletes the  diagnostic  problem. 

3.  The  aforementioned  coccoid  forins  are 
thought  to  be  closely  related  taxonomically  to  the 
Neisseria,  although  no  agreement  has  been 
reached  as°to  their  precise  position  in  the  clas- 
sification scheme.'  For  the  present  Mima,  HereU 
lea,  and*  Moraxella  species  can  be  treated  as  a 
tribe  within  the  family  Neisseriaceae. % 

6&zx  IV.  Eubacteriales 
„       Family  VIII.  Neisseriaceae 
Genus  I.  Neisseria 
Geriifs  II:  Veillonella 
Tribe— Mimeae 
Genus  I.  Mima 
Genus  II.  Herellea 
(icuus  HI;  MoraxclUt  / 

4.  There  is  pne  last  genus  that  we  will  men- 
tion in  this  chapter,  the  Mycoplasma,  or  so-called 
pleuro-pneumonia-like  organisms  (PPLO).  Four 

.species  have  beeq^olated  from  clinical  materials 


originating  in  the  alimentary  and  respiratory  tracts 
and  the  genitalia.  These  Gram-negative  forms  are 
sufficiently  different  from  the  Eubacteriales,  the 
true  bacteria,  that  the  PPLO  have  been  set  apart 
m  their  own  ordered  family  as  indicated 'below. 

Order  X.  Mycoplasmatales  y 

-  Family  I.  Mycoplasmataceae 
Genus  L  Mycoplasma 

9.  Neisseria  Infections  of  Man 

9-1.  Most  of  the  ten  Neisseria  species  are 
saprophytes,  but  two  of' them,  N.  gonorrhoeae 

^tand  Tvi^eningiVWw,  afe  human  pathogens,  as 

*  we  not^^previouslyi.  During  an  infection  these 
,  two  ofgartisms  are  often  seeif  intraediularly  in 
white  ;blppd  cells.  The  noypafhogemcWeisseria 
occur  Iwtraeelllflarly  and  are  important  •  only  in 
that"  they  may  be  mistaken  morphologically  for_ 
pathogenic  forms.  Rarely  have  any  of  the  sapro- 
phytes been  irapli<?ated*in  disease?-.  With  the  ex- 
ception of  N.  gonorthoeae  and  y.  cabiae,  all 
species  -may  i>e  encountered  in  respiratory 
tract  of  no"rmal  individuals.  . 

9-2.  Clinical  Significan.ee,  The  gonococcus  in- 
vades the  mucous  membranes  of  the  genitouri- 
nary tract  or  thefconjunctiva^  Typicaf  gonprrhea 

~  of  mates  result^  in  a  urethritis  characterized  by 
painfu^urination  a^d.thif  fornjation i  of  greenish- 

V  yellow,  pus.  In  goHocrhea  of  females,  the  un- 
treated infection  usuq&spreadsfrom  the  vagina 
'  to  the  urethra,,  cervix7  and  tectum.  Such  infec- 
tions give  rise  tp  a  mucopurulent  di^harge.  'Wie 
gonbeoccus  may  invade  thek^Woodstream  horn  lo- 
calized infections  in  both  mafe^^dfcjjifles,  and 
lesions  cart  form  in  thf^jjpints,  hS^rfvalvcs,  and 
meninges.  N.  gortorrho^xomv^only  infecte-the 
eyes  of  the  newborn  l^thglmia  nfcoflatorium) 
during  passage  through  the  birth  canal. '  If  un- 
dated, the  infection  usually  results  in  permanent 

'  blindness.  In  the  United  States  the  incidence  o£ 
gonorrheal  conjunctivitis  has  been  greatly  reduqfed 
by  the  legal  requirement  that  as  a  preventive 
measure  suitable  medications  be  instilled  into  the 
conjunctival  sac  of  alll  newborn  infants. 
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9g3.  The  portal  of  entry  for  meningococci  is 
th(||iasopharynx.  The  organises  may  constitute 
%  partrof  the  transient  flora  in  immune  individuals, 
producing  no  symptoms,  or  they  riiay  set  up  a 
local  nasopharyngeal  infection  in  susceptible,  per- 
sons.    The  infection  can  extend  to  the  blood- 
streamj  and  to  the  meninges,  causing  meningitis. 
N.  trfenjngitidis  ha?  at  least  four  recognized  sero- 
logic groups  based  on  antigenic  differences  in  the 
cell.  Since  1950,  the  alphabefical  letters  A,  B, 
C  andl  D  have  beijn  used  to  denote  them.  Group 
A  strains  are  responsible  for  the  majority  of  epi- 
demics.  Groups  B  and  C  have  cause  'sporadic 
cases  of  meningitis,  but  Group  D  strains  have 
f  rarely  been  Isolated  from  the  disease  ip  the 
*  United  States.  The  serological  typing  of  N.  men- 
ingitidis found  in  nose  and  throat  cultures  should 
be  done,  because  an  increase  in  Group  A  in  a 
given  population  could  have  public  healt^ig- 
nificance. 

,9-4.  A  number  of  saprophytic  Neisseria  species 
can  be  isolated  from  the  upper  respiratory  tract 
of  man.  The  most  common  are  N.  catarrhalis, 
N.  sicca,  and  members  of  tfie  pigmented  .flava 
group— AT.  flavescens,  N.  subflava,  «N.  flava,  and 
N.  perflava.  These  organisms  present  some  dif- 
ficulty in  laboratory  diagnosis,  for  they  must  be 
distinguished  from  the  pathogenic  species,  es- 
pecially N.  meningitidis.  , 

9-5.  Laboratory  Identification.  Neisseria 
species  characteristically  appear  as  diplococci, 
approximately  0.6  by  0.8  micron  in  size/  The 
organisms  are  nons^oreforming  and  nonmotile. i 
In  stained  smears  of  pu$  or  body  fluids  the  paired 
cells  often  have  the  shape  of  coffee  beans  or 
kidney  beans,  joined  together  on,  their  concave  or 
flattened  sides.  The  organisms  are  seen  within 
the  polymorphonuclear  leukocytes  in  detail  A  of 
fojdout  4^.  Leukocytes  may  contain  20  to  50 
cocci,  or  more.  In  sfatoed  smears  from  cultures, 
the  typically  flattened  border  of  adjacent  cells  is 
observed.  NoteNfrr  example,  the  arrangement 
and  morphology  otdi^lococci  in  detail  B  of  fold- 
but  :4A.  While  both  detail  A  and  detail  B  show 
N.  gonorrhoeae,  the  microscopic  morphology  of 
■N.  meningitidis  does  not  differ  sufficiently  to  per- 
^mit  distinction  between  the  two  species. 

9-6.  Rctra  care  must  be  taken  in  preparing 
smears  Jrom  clinical  materials  containing  these 
cocci.  Swab  specimens  should  be  lightly  rolled, 
ratfrer  than' rubbed,  on  glass  slides  to  accomplish 
an  even  distribution  and  to  prevent  destruction  of 
white  cells  or  tissue  cells.  This  technique  will 
give  smears  of  even  thickness  that  are  easily 
scanned  for  the  presence  of  intracellular  organ- 
isms. The  preparation  of  joint  fluids  for  direct 
examination  and  culturing  of  N.  gohorrhoede  is  * 
best  accomplished  by  centrifuging  the  specimen 
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and  using  the  sediment  as  an  inoculum.  In'  the 
later,  chronic  stages  of  gonorrhea,  few  cocci  ore 
present  in  clinical  materials.  /  * 

9-7.  Suspected  cases  of  gonorrhea  Should  be 
cultured  whenever  a  presumptive  diagnosis  can- 
not be  made  by  smear.   In  males,  the  urethral 
discharge  is  "taken  directly  from  the  penal  orU 
,     fice.   If  no  discharge  is  present,  make  a  smeaj* 
and  culture  the  sediment  centrifuged  from'  tfie 
.first  5  to  10  ml.  of  voiiied  urine  (the  first  morn- 
ing specimen  is  preferred).  It  is  mote  difficult  to 
obtain  a  cultural  diagnosis  of  gonorrhea  in  the 
female.  The  urethra  and  the  cervix  provide  the 
-    most  productive  sp<^imens;^us  from  the  vagina 
ordinarily  contains  too  many  contaminating  or- 
ganisms. Since  the  gonococcus  is  relatively  deli- 
cate and  labile,  inoculate  the  exudate  directly 
from  the  patient  to  freshly  prepared  culture- 
media.    „  t .  ^ 

9-8.  In  cases  of  meningococcal  meningitis  the 
spinal  fluid  usually  contains  polymorph^mclear 
v  white  blood  cells.  Therefore,  any  cloudy  or 
"milky"  spinal  fluid  received  by  the  laboratory  is 
considered  potentially  infectious.  We  must  take 
all  necessary  precautions,  i.e.,  aseptic'techniques, 
to  insure  tW  safety  of  laboratory  workers.  It  is 
important  to  immediately  inoculate  spinal  fluid 
and  blood  specimens  taken  from  suspected  cases. 
If  prompt  inoculation  of  pharyngeal  swabs  is  not 
possible,  the  meningococci  can  be  preserved  for 
several  hours  by  placing  the  swab  in  a  sterile 
.  tesrtuBe  containing  a  small  amount  of  sterile 
horse  blood. 

9-9.  An  enriched  medium  is  required'for  cul- 
*  iivation  of  N.  gonorrhoeae  and  N.  meningitidis. 
Those  saprophytic  species  that  are  normal  flora 
of  the  respiratory  tract  will  grow  on  ordinary  nu- 
trient agar.  A  variety  of  media  are  available  for 
isolation  of  the  pathogenic  forms,  but  chocolate 
agar  is  easily  prepared  and  will  give  excellent 
results  in  routine  use.  We  must  be  aware,  how- 
ever, that  nutrients  usually  Employed  in  preparing 
chocolate  vagar  laele^the  special  enrichment  re- 
quired for  growth  of  the  pathogenic  Neisseria.  For 
this  reasons/he  chocolate  agar  base  should  be  sup- 
plemented with  yeast  or  liver  extract  to  provide 
additional  growth  factors.   The  isolation  of  N. 
gonorrhoeae f  on  blood  agar  is  rarely  accomplished 
because  unheated  blood  is  toxic  to  most  strains, 
N.  meningitidis  will  grow  on  blood  agar,  but  choc- 
olate agar  increases  the  probability  of  isolation. 

9-10.  A  newly  devejpped  selective  medium  ° 
(Thayer  and  Martin)  (br  isolating  gohococci  and 
meningococci  permits  growth  of  those  organisms 
while  greatly  suppressing  saprophytic  Neisseria 
species.  Overgrowth  of  gonoccal  colonies  by  bac- 
terial contaminants  present  in  cervical,  vaginal,  • 


Table  8 
Identification  of  NEISSERIA  Species 


Species 


Growth  Chavaotevis tics 


ULuotoae 


Cavbon^dvate  Tcr^oKt^f'Sn*  CTA  Medium 

Man*usc  i 


itevuuose 


iV.  gonpvrhoeaet 


Enriched  media  required ; 
growth  57°C.  in  CO? .  Small 
convex,  smooth!,  glistening 
transparent,  gray-white 
colonies  with  iWyla^ed 
margin.  0.5  to  lTtFmm. 
diameter. 


'.V.  meningitidis 


iV.  cat.arvhalia 


iV.  sicca 


Enriched  media  required; 
growth  37°C.   in  C02-  . 
Smooth,  nitte^d^ro.und, 
translu/ent,  colorless, 
or  c£tfy-white  colonies. 
2  fro  3  mm.\in  diameter. 


Grows  on  ordinary  Q 
nutrient  media  at  22  C. 
and  37°C.     Colonies  on 
blood  agar  smooth, 
translucent,  white 
with  irregular  margins 
or  hard  and  opaque. 


\3Tj  "haerr.cly- 
8  a  n  a 


Grows  An  ordinary 
nutrient  media    at  22*C. 
and  Colonies  on 

blood  agar  are  gray- 
white,  opaque,  firm, 
dry,  wrinkled.  Colonies 
tend  tp  crumble  or  move 
when  probed. 


Grows  at  22'C.  and  37#C. 
On  blood  agar  colonies 
are  smooth,  gray-white. 
Growth  is  slow  and  v 
delicate.  Large  rone  of 
hemolysis  2nd  or  3rd  * 
day  . 


V 


-If 


S.  flaveaoent 


ihbflava 

V      ■  ■ 


f,4 
IL.'ftaPa 


V 


Similar  to  N.  menin- 
gitidis but  has  yellow t 
pigment  'on  primary 
isolation. 


Same  as  iV.  flava. 


Grows  on  ordinary 
nutrient  agar  at  n2*C. 
and  37*C.  Colonies  on 
blood  agar  are  small,* 
circular,  raised, 
opaque,  slightly  mucoid 
with  yellow  pigment. 


Same  as  tf.  flava.  This  is 
the  most  common  chromo- 
genic  Neisseria.     Its  » 
presence  in  sputum  may 
even  color  the  sputum. 


r 


+ 


'•Resembles  .V .  aic^.i 
■nil,','  1 iM  (ij.r;  \ 


f  > 


_L 


*    48  to  7  2  hour  reactions. 
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and  rectat  specimens  is  also  reduced.  Mima  poly-  , 
morpha,  an  organism  we  will  discuss  later  in  this 
chapter,-  fails  to  gro>y  on  this  selective  medium. 
M.  polymorpha  is  easily  confused  with  the  gono- 
coccus.  The  possibility  of  false  positive  cultural 
diagnosis  of  gonorrhea  due  to  oxidase-positive 
Mima  and  saprophytic  Neisseria  is  decreased!  by 
t  using  the  Thayer-Martin  medium. 

9-11.  While  Neisseria  species  are  aerobic^  an 
atmosphere  of  increased  carbon  dioxide— a  can- 
dle jar— greatly  favors  colony  development.  'The 
organisms  also  require  a  moist  atmosphere  which 
can  be  maintained  by  placing  wet  cotton  dr  gauze  - 
,  in  the*  bottom  of  the  jar.  The  optimum  growth 
temperature. for  pathogenic  species,  especially<W. 
gonorrhoeae,  is  betwedn  35°  and  36°  G;  huafo- 
,ever,  a  37°  C.  incubator  will  givje  satisfactory 
results.   After  48  hours  incubation,  pathogenic 
species  appeals  small,  glistening,  soft-textured, " 
translucent  or  transparent  colonies  shown  i*  de- 
tail C,  N.  gonorrhoeae,  and  detail  D,  N.  menin- 
gitidis, in  folddut  4A.  ■  ; 

9-12.  Four  species  of  saprophytic  Neisseria* 
produce,  a  yellow  or  yellow-greenish  pighieht;  N.  , 
flavescens,  N.  subflava,  and '  N.  perflrfyaL  TRe 
other  species  found  in  man  produce  no  foottce-  ' 
able  pigment.  Colonies  are  gray-white' to  tan  in 
color.  The  Neisseria  species  can  be  .differentiated 
from  one  another  on  the  basis  of  growth  charac- 
teristics- and  carbohydrate  fermentation  reactions  * 


in  cystinc-trypticase  agar  (CTA)  summed  up 
in  table  8.  A  positive  glucose  coupled  with 
negative  reactions  in  ttie  other  carbohydrates 
points  to  N.  gonorrhoeae.  The  meningococcus 
ferments  both  glucose  and  maltose,  but  the 
pathpgen  can'bedi^tfnguished  from  JV!  subjtava 
« (which  gives  the  same  reactions)  by  colonial 
morphology  and  'pigment  production.   *      "  •  "* 
9-13.  CTA  is  especially  recommended  for  ftr* 
mentation  studies  because  Neisseria^,  will  grovyr 
on  it  witffPtit  an  increAsedT02  atmosphere.  Free- 
dom from  the  COu  requirement  is  desirable^  sifiqe 
absorption  gf  the  gas . by  fermentation  media  is 
accompanied  by  a,  drop  in  pH,  resulting  in  false 
positive  isactipns  (change  in  color  of  indicator) 
Moreover,  CTA  is  a  semisolid  agar,  which^en- 
ables  us  tp  detect  minute  ampunts  of  acid  formfed 
by  weakly  fermenting  strains  of  Neisseria.  Phenol 
n?d  indicator  is  incorporated  in  the  medium>  so' 
positive  reactions  are  evidenced^  a  change  from 
red  to  yellow  within  18  to  72  hours. 

9-14.  -The  oxidase  reaction  U-  of  particular 
value  in  examining  an  agar  plate  "containing  Con- 
nies of  Neisseria  spp.  obscured  by  heavy  growth 
of  other  organisms.  Foldout  4A,  detail  E,  shows 
the  differentation  of  colonies  by  this  technique.1 

oxidi^^vMi™3^ pr0duCe  l?.c  f«Pk»oiy  enzyme,  cytochrome 
?etra^h«?  h  "  '?,e  rea*ent  dil"ethyl-p-phe«y!ene  diamine  oi '  the 
ftS^hFS^'^ffi  a  color*™*'  that  begins  to  a^pial 
HZ!  ~  if?  seconds.  Oxidase-positive  colonies  turn  Dink  then 
marooned  the*  black.  Qxidase-negative  forms  arS^nchan'gedl 


TABI.E  9 


* 

— ■  w  *f 

Organism 

Gas  Produced 
Peptone  Agar 

Colony  Morphology 

Groi 
22°€ 

oth  at 
37°C. 

Indole 

1 

Gelatin 

*/.  parvula 

+ 

Minute,  transparent,  blu- 
ish, weak  hemolysis  on 
blood  agar . 

Feeble 

+ 

+ 

V.  aloaleaaena 

Minute,  often,,  a  green 
pigment  is  produced.  No 
hemolyses  on  blood  agar. 

l  + 

V*  diecoidea 

♦  w 

0 

(Deep  colonies)  Lenti- 
cular, up  to  1  mm.  in 
diameter.  Grows  in  , 
narrow  disc  1  cm., below 
agar  surface,. 

V.  veniformie 

(Deep  colonies)  puncti- 
form  then  lenticular. 
0.3  to  0.5  mm.  in 
diameter. 

4 

j 

-  orbiculue 

t 

(Deep  colonies)  Lenti- 
cular, large  regular, 
whitish,  translucent. 

*  > 

V»  bulvouag- 

initidia 

(Deep  colonies)  small, 
whitish. 

■  + 
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Colonies  treated  with  oxidase  reagent  will  stijl 
•give  typical  results  on  Gram  staining.  Identifica- 
tion of  the  genus  Neisseria  is/established  if  the 
colony  is  oxidase-positive,  4nd  if  it  is  founjft  t©  be* 
a  typical  Gram-riegative  diplocbccus.  Ox^jpse  re- 
actions *  cannot  be  used  to  distinguish  specijes, 
however,  sinc£  all  Neisseria  "are  oxidase-positive. . 
'Conformation  of^species  is  required  j^hej^gossi- 


the  coccuslike  fofms,  in  contrast  to  Nebseria  spe- 
cies,  rapidly  become  resistant  to  antibiotics. 

11-2,  There  %are  two  recognized  forms  of  V 
Mima — M .  polymorpha  arid  M.  polymorphd.  va- 
riety oxidans.  TheSe  organisms  have  often  been 
misinterpreted  as  gonococcal  in  stained  prepara- 
tions. Generally,  they  appear  coccoid  in  shape, 
but  may  be  seen  as  rods,  dipfobacilli,  or  occa- 


ble  gpnorrhea  or  meningitis  is  concerned.  ^This«  sionally  in  sho^t  chains^  The -pleomorphic;  rods 
may  be  accomplished  by  a  careful  study  of  growth^  measure  0.5  to'  O.^micron  wide  by  1.0  to  ,3.0 

microns  iri  length-  DiplocoCcal  forms  predominate 
on  solid  media — rods  and  filaments  in  liquid  me- 
dia. They  are  aetpbic  arid  usually  nonhemolytic, 
although  tiRmcr'polymorpha  .may  exhibit  'a  beta 
^hemolysis*  on  ogoasion.  The  major  difference  be- 
tweeij  M imd  polymorpha  and  Mima  polynjorpha 
var.  oxidans r  is  that  the  latter  is  oxidase-positive. 

11-3.  The,ginus  Herelled has  one  recpgnized 
speries-*— fjgellea  vaginicola.  This  organism  ha9 
been  found  as  part  of  th$  normal  skin  flora  in  25 
percent  of  human  finales.  It  can  be  frequently 
isolatedHfcdm  feces,  the  normal  vagina,  and  cases 
qf -vaginitis.  H.  vaginicola  is  encapsulated,  meas- 
*  uririg  0.5  to  0.8  micron  in  width  and[  1.0  to  *3.6 
microns  in  length.  The  organisms  appear  coccoicf 
in  shkpe,  ^occasionally  presenting  a  rodlike  or  gle-'' 
"mentous  appearance.  They  are  aerobic  and  gen- / 
erally  nonhemolytic,  .although  beta  type  heijjij^ 
may  be  seen  oil  occasion*  as  in  the  case  of 
polymorpha:  Herellea  vaginicola  differs  froii^th<|P 
otl^er  organisms  of  the  tribe  ,^4imeae  and  the, 
genus  Neisseria  in  that  it  oxidizes  xylose,  while 
the  others  do  hot. 

11-4.  The  five  Species  of  the  genus  Moraxf 
can  be  found  in  the  same  type  of  clinical 
.  terial  as  Mima  spp.  and^.  Herellea  vagiriicSla. 
While  the  Moraxella  *&mfole  the  Neisseria  and 
may.be  confused  wkn  them;  Moraxella.  spp.  of- 
ten show  bacillary  forms  in  a  ,  Gram-stained 
smear.  „  Other  morphological  variations  include 
iiplococci  and  chains  of  coccoids. 

11-5.  In  cultural  and  physiological  character- 
lies,  the  tribe  Mimeae'is  similar  toother  genus* 
ysseria.  Mima  polymorpha,  Mima  polymorpha 
jr.  oxidanst  and  Herellea  vaginicola  exhibit  a 
luxuriant  growth  on  chocofate  or  meat  extract 
T  agar.    Colonies  are  white,  smooth,  glistenitig, 
moist,  and  often  viscid,  in  appearance,  as  seen  in 
jf igure  12.  Moraxella  colonies  on  bldod  agar  ap- 
pear translucent,  gray-white,  round,  and  viscid. 
Some  degree  of  hemolysis  may  be  seeji.   After ' 
48  hours  the  colonies  tend  to  become  flattened. 
Organisms  of  the  ^genera  Mima  and  Herellea 
are  often  confused  witii  certain  of  the  enteric 
organisms  "because  theseSwo  genera  produce  an 
alkaline-ttiroughout  reactioiNon  triple  sugar  iron 
agar  identical  to  that  given  bySPseudomonas  and 
Alcaligenes  species.  *  / 


characteristics  and  the  reactions  obtained. in  ap- 
propriate carbohydrate  media  as  shown  in  table  8. 

10.  The  Genus  Veillonella 

10-1.  The  ana§fobic  cocci  occur  Jn 
the  mouth,  respiratory  tract,  intestinal  tract,  and 
the  urogenital  system.  Although  Bergey's  Manual 
of  Determinate  Bacteriology  lists,  six  distinct' 
species,  only^ie,  Veillonella  alcMescens,liBS  Been 
clearly  characterized/  fiecause  Sf  this,  identifica- 
tion to  species  level  is:  difficult  in  tie  clinical 
laBoratory.  ^  V 

10-2.  These  organisms  affe  sniall  coccV  measur- 
ing* 0.3  to  0.4  micron  in  diameter,  Occasionally 
reaching  a  size  of  2.0  microns.  They  occur,  in  ; 
pairs,  in  short  chains,  and  in  masses/  Sometimes  " 
individual  cells  cannot  be  distinguished  within 
the  masses  of  organisms.  Colonial  morphology  is 
described  in  table  9.      -  t  ' 

10-  3.  Members  of  this  genus  are  obligate  an- 
aerobes that  grow  well  on  routine  bacteriological 
media.  Optimum  temperature  is  37°  C,  but  some 
strains  grow  at  22°  C.  Of  thg  six  Veillonella 
species,  three  produce  gas  in  peptone  agar,  and 
three  do  not.  Sugars  are  not  fermented.  The 
colonies  are  oxidase-negative.  Laboratory  diag- 
nosis rests  upon  the  morphology  and  biochemical 
activity  of  the  genus  and  species  set  forth  iij  ta- 
ble 9.  The  KaeLJhat  these  organisms  are  an- 
aerobic and  oxidase-negative  differentiates  them 
from  Neisseria.  - 

II.  The  Genera  Mima,  Herellea,  and  ^ 
Moraxellcf 

11-  1.  Members^  of  the  tribe  Mimeae  are  found 
in  the  nose,  vagina,  and  conjunctiva  as  sapro- 
phytes or  as  part  of  the  normal  flora.  They  have 
been  recovered'  from  many  areas  of  the  body  as 
pathogens,  however.  These  coccoid  organisms 
(small,  rounded  bacilli)  can  cause  conjunctivitis, 
meningitis,  a  gonorrjiealike  urethritis,  and  septi- 
cemia. They  appear  as  secondary  invaders  in 
cases  of  severe  burns.  Organisms  of  the  genera 
Mima,  Herellea,  and  Moraxella,  some  of  which 
are  oxidase-positive  and  aerobic,  are  easily  con- 
fused with  Neisseria  for  that  reason.  The  impor^ 
tance  of  distinguishing  between  them  lies  in  the 
selection  of  antimicrobial  agents,  because  many  of 
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Figure  12.    Mima  polymorpha.  Urine  culture  on 
chocolate  agar. 


11-6.  In,  order  to  distinguish  befwecn  Mima 
polymorpha  and  Neisseria  gonorrhoeae  (both  are 
aerobic  and  oxidase-positive),  urethral  exudates 
should  be  inoculated  to  Thayer-Martin  medium 
and  MacConkey  or  eosin  methylene  blue  (EMB) 
agar.  Thayer-Martin  contains  inhibiting  agents 
that  retard  the  growth  of  Mima  spp.,  Herellea 
spp.,  and  many  other  bacteria  which  might  be 
present  in  the  exudate.  MacConkey  and  EMB 
agar  inhibit  the  growth  of  most  Neisseria  and 
allow  the  Mima  and  Herellea  spp.  and  most  en- 
teric organisms  which  might  be  present  to  de- 
velop. Differentiation  between  the  genera  Mima, 
Herellea,  and  Moraxelia  rests  mainly  on  carbo- 


Figure  13.    Mycoplasma  pharyngis.  Typical 
colony  on  agar. 


hydrate  fermentation  studies,  but  in  foldout  5  we 
see  how  a  combination  ot  laboratory  tests  can 
yield  tentative  separation  of  the  cocci  and  coc- 
coid  organisms,  - 

12*  Thm  PI«uro-Pneumonia-Lik«  Organisms 
(PPLO) 

12-1.  Four  of  the  15  known  species,  of  Myco- 
plasma have  been  found  in  clinical  specimens 
obtained  from  the  mouth  and  pharynx;  the  geni- 
talia in  cases  of  nonspecific  urethritis;,  and  the 
lungs  in  "atypical  pneumonia."  They  have  also 
been  implicated  in  such  diseases  as  thronic  vul- 
vitis, vaginitis,  cystitis,  and  ovarian  abscesses. 
Mycoplasma  can  reach  the  bloodstream  as  a  re- 
sult of  trauma  in  childbirth,  and  it  has  been 
suggested  that  these  PPLO's  can  be  transmitted 
through  sexual  contact.  Cases  of  infection  traced 
directly  to  improper  handling  of  clinical  speci- 
mens in  the  laboratory  have  been  reported. 
t  12-2.  These  organisms  are  Gram-nefgative, 
but  because  the  cell  wall  is  poorly  defined  or 


Figure  14.    Mycoplasma  pneumoniae.  The  Eaton  agent. 

absent,  special  staining  procedures  are  needed. 
In  size,  the  Mycoplasma  lie  between  the  bacteria 
and  the  rickettsiae.  The  average  cell  is  approxi- 
mately 125  millimicrons,  although  some  cells 
grow  as  large  as  H250  millimicrons  in  greatest 
dimension.  They  may  occur  singly,  in  pairs, 
or  in  short  chains.  Because  of  the  4ack  of  a  rigid 
wall,  the  cells  may  be  quite  pleomorphic,  with 
ring,  spiral,  filamentous,  and  granular  fotms. 
Single  cells  of  average  size  are  below  the  re- 
solving power  of  the  conventional  light  micro- 
scope. * 

12-3.  The  Mycoplasma  are  generally  consid- 
ered tp  be  aerobic  and  facultatively  anaerobic. 


Media  for  laboratory  cultivation  must  contain  20 
to  30  percent  g^citic  fluid  or  10  percent  horse 
serum  to.  supply  unknown  but  necessary  factors. 
Beta  hemolysis  is  produced,  but  only  on  qgar 
containing  guinea  pig  red  cells.  Since  the  or- 
ganisms grow  into  the  medium,  a  soft  agar  is 
recommended.  An  alkaline  pH  (7.6  to  7.8) 
37**0  8r°Wth'  and  the  °Ptimum  temperature  is 

12-4.  The  organisms  of  the  PPLO  group  can- 
not be  studied  morphologically  by  conventional 
staining  techniques.  Recognition"  Ts  based  on 
colony  characteristics.  The  coldfaes  (15  to  500 
microns  in  diameter)  are  quite  small,  so  the  low 
power  objective  of  the  microscope  is  needed. 
After  clinical  material  has  been  streaked  to 
{flates  (PPLO  media  are  available  commercially)- 
and  incubated  at  37°  C.  for  48  to  96*  hours, 
colonies  of  Mycoplasma  appear  as  small,  round 
bodies  with  a  thick  center  and  have  the  appear- 
ance of  a  fried  egg,  as  shown  in  |igure  13.  Some 


colonies  appear  grarfular  and  opaque,  with  a 
brown  or  yellow  center.  These  are  the  schcalled 
"mulberry"  colonics,  seen  in  figure  14.  Both 
types  of  colony  grow  into  the  medium  and  are 
difficult  to  remove  even  with  a  wire  loop. 

12-5.  Identification  of  coloiiies  can  be  aided 
by  using  Dienes'  staining  method.  We  cut  out  a 
small  block  of  the  medium  in  which  the  suspected 
colony  is  growing  and  place  it  on  a  glass  micro- 
scope slide,  colony  side  up.  A  cover  slip  holding 
a  drop  of  Dienes'  st^in  (previously  dried)  is 
laid  on  the  surface  of  the  block,  with  the  stained 
side  in  contact  with  the  colony  on  the  agar.  The 
colonies  are  examined  with  the  low  power  objec- 
tive. They  \vill  show  a  dark  blue  ceilter  and  light 
edges,  as  in  figure  13.  It  is  important  to  note 
that  the  stain  is  not  decolorized  by  PPLO  colonies 
but  it  is  decolorized  by  bacterial  colonies.  Qe- 
colorization  usually  takes  place  in  about  30  min- 
.  utes. 
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CHAPTER  3 


The  Small  Gram-Negative  Bacilli 


THE  SMALL  GRAM-NEGATIVE  bacilli 
are  distinguished  morphologically  from  the 
Gram-negative  cocci  and  coccoid  organisms  by 
the  tendency  of  the  bacilli  to  grow  in  rod  form. 
In  many  instances,  however,  the  distinction  is 
difficult  to  make.  Under  the  microscope,  a  Qjjp- 
cus,  a  coccoid  form,  and  an  oval-shaped  short 
rod  can  look  pretty  much  alike.  We  are  quite 
often  dependent,  therefore,  on  knowledge  of  the 
>source  of  the  specimen  and  the  clinical  findings 
to  supplement  information  gathered  from  mor- 
phological, cultural,  and  serological  studies  of 
the  pathogen.  * 

2.  The  Gram-negative  bacilli,  excepting  the 
enteric  organisms^  Which  will  be  discussed  in  the 
next  chapter,  are  ^miped  together*in  two  fami- 
lies, the  Brucellacea^  and  the  Bacteroidaceae. 
The  first  of  these  offers  a  wide  variety  of  patho- 
gens, ranging  from  the  plague,  tularemia,  and 
undulant  fever  agents  which  are  primarily  ani- 
mal parasites,  to  the  Hemophilus  species  that 
cause  whooping  cough  and  chancroid,  a  venereal 
infection,  in  man.  The  family  Bacteroidaceae  is 
made  up  of  five  genera  whose  diverse  member- 
ship includes  minute,  filterable  forms  as  well  as 
long,  filamentous  branching  organisms.  For  the 
most  part,  they  are  inhabitants  of  the  mucous 
membranes  of  warm-blooded  animals  and  man. 

3.  This  coverage  of  the  small,  Gram-negative 
bacilli  will  exclude  many  of  the  species  that  con- 
tribute only  occasionally  to  disease.  Our  main 
emphasis  will  be  placed  on  those  microorganisms 
which  one  can  exrject  to  encounter  with  reason- 
able frequency  in  the  clinical  or  epidemiological 
laboratory.  We  will  touch  briefly,  however,  on  a 
few  infectious  agents  representing  genera  that  the 
bacteriologist  should  be  familiar  with,  in  general, 
even  though  be^jes  not  often  find  them  among 
his  cultures.  it 

4.  The  taxotromic  relationship  of  the  small, 
Gram-negative  rgjlsx^e  will  mention  is  shown  in 
the  following  scheme.2 

s  This  classification  is  employed  In  the  latest  edition  (1957)  of 
Berjtry  s  Manual  of  Determinative  Bacteriology.  Since  publica- 
tion of  the  seventh  edition,  another  genus,  Francisella,  has  been 


Order  IV.  Ettbacteriales 

Family  V.  Bruccllacea* 
y     Genus  I.  Pasteur  el  la 
*   "  Genus  II.  BordctcUa 

*  Genus  III.  Brucella  * 
Genus  IV.  Hemophilus 

Genus  V.  Aainobacillus 

*  Genus  *  VI.  Calymmatobacterium 
Family  VI.  Bacteroidaceae 

Genus  I.  Bacterotdes 
Genus  II.  Fusobacrerium 
Genus  V.  Streptobacillus 

13.  Pasteurella  and  Francisella 

13-1.  Perhaps  the  best  ,  known  pathogen  of 
thgse  closely  related  genera  is  Pasteurella  pestjs 
(now  often  referred  to  as  Yersinia  pestis),  th)j 
etiologic  agent  ©f  plague.  Plague  is  primarily  a 
disease  of  rodents  whiph'  is  secondarily  trans- 
mitted to  man.  The  wild  rat  is  the  usu^l  host, 
but  ground  squirrels  are  also  frequently  infected. 
Plague  is  spread  among  rodents  through  the  bite 
of  fleas  previously  infected  by  a  blood  meal  from 
a  diseased  animal.  Hurrton  plague  results  when 
an  infected  flea  feeds  on  man.  * 

13-2.  Pasteurella  pseudotuberculosis,  is  preva- 
lent in  soil,  water,  milk,  and  animal  fodder.  It 
causes  a  tubercular-type  infection  in  a  wide 
variety  of  animals.  The  agent  has  been  isolated 
from  human  blood,  spleen,  liver,  gallbladder,  and 
spinal  fluid.  Symptoms  resemble  those  of  the  en- 
teric fevers,  tularemia,  or  tuberculosis.  Pasteu- 
rella multocida  causes  a  hemorrhagic  septicemia 
in  warm-blooded  animals,  many  of  which  harbor 
the  organism  on  their  mucous  membranes.  In- 
fections in  man  can  arise  from  the  bite  of  domes- 
tic animals. 

13-3.  Until  recent  years  Francisella  tularensis 
was  placed  among  the  Pasteurella  species  as 
tularensis.  It  is  the  causative  organism  pTTL 
laremia  or  "rabbit  fever"  which,  Jike  plague,  is 
primarily 'a  disease  of  rodents  secondarily  ac- 
quired^ man*  The  reservoir  of  infective  agent 
is  maintained  in  rodents  byybitiM  flies,  ticks, 

established  in  the  family,  Brucetlaceae.  TThis  genus  contains 
Francisella  tularensis,  formerly  Pasteurella^  tularensis.  In  this 
chapter*  we  wiU  use  the  newer  designation,  Francisella. 
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-Table  10 

Dn^EKENTiATON  of  PASTEURELLA  Sfecies 


6*f  ecier 

Hydrogen 
Su I  fid e 
P*'?Juotion 

Zndo Z ♦ 
Production 

ivl  crs c  t? 
Reduction 

Growth  o*l 
Uvea  Agar 

Growth  on 
?eaozuahol*te-Citrate 
Agar 

 :  

P.  peat ia* 

(usually) 

1 

variable 

No  change 
in  medium 

Slight  growth  of  reddish, 
pinpoint  colonies;  medium 
remains  pink. 

P.  pseudotu- - 
beroulooia 

♦ 

Colors 
medium 
red 

Abundant  growth  of  large, 
opaque  yellowish  colonies 
with  medium  turning 
vellow.  r 
V 

1 

P.  multocida  L 

♦ 

No  change 

No  growth. 

•Known  also  as  Yerezrjia  pestia. 

and  rabbit  louse.  All  of  these  vectors  are  capa- 
ble of  spreading  the  disease  from  animal  to  ani- 
mal. Humans  contract  tularemia  either  by  han- 
dling the  flesh  of  infected  animals  orHhrough  the 
bite  of  an  arthropod  vector.  The  main^  source  of 
infectfotTis  the  wild  rabbit.  The.  bacilli-  enter 
through  cutaneous  abrasions,  or  possibly  through 
the  intact  skin  of  the  hunter  as  he  processes  the 
animal  for  food.  An  aerosol  of  body  fluids  from 
infected  animals  may  cause  infection  of  the  con- 
junctiva or  lungs. ' 

13-4.  Pasteurella  Species.  Following  entry  'of 
the  plague  bacillus  into  the  body,  the  organisms 
spread  by  way  of  the  lymph  channels.  The  nodes 
become  inflamed,  hemorrhagic,  and  greatly  en- 
larged, forming  buboes  in  the  groin  or  axilla — 
the  so-caKed  "bubonic  plague."  In  many  cases 
the  bacilli  spread  via  the  bloodstream  to  the 


develop.  Blood  and  diseased  tissue  specimens 
Contain  the  infective  agent.  P.  multocida  is  simi- 
larly isolated  from  inflamed  areas  or  abscesses, 
especially  those  resulting  from  the  bite  of  an 
animal. 

13-6.  Collectively,  the  three  Pasteurella  species 
appear  as  short,  rpunded  rods  or  coccpids  ex- 
emplified in  foldout  4A,  detail  F.  P.  multocida 
is  usually  the  smallest,  ranging  from  0.15  to  0.25 
micron  in  width  and  0.3  to  1.25  micrpns  in 
length.  P.  pestis  cells  are  intermediate  in  size, 
while  P.  pseudotuberculosis  may  reach  0.8  to  2.0 
microns  by  1.5  to  6.0.  Bipolar  staining  is  a  fre- 
quent but  not  consistent  property.  Cells  of  each 
species  can  occur  singly,  in  clusters,  in  pairs,  or 
in  short  chains. 

13-7.  The  Pasteurella  organisms  are  faculta- 
-  tive  anaerobes  that  grow  well  at  37°  C.  or  lower 

spleen,  liver,  and  lungs.  The  septicemic  phate  is  rVemperatures  on  routine  culture  media.  For  ini- 
sometimes  accompanied  by  subcutaneous  hemor-  ^Jial  isolation,  howeVer,  blood  agar  or  an  enriched 


in  the  skin  (black  plague).  Since  bubonic  infec 
tions  may  involve  the  lungs,  individuals  can 
disseminate  plague  to  the  respiratory  tract  of 
other  persons  (pneumonic  plague)  by  coughing 
or  sneezing  a  highly  infectious  aerosol. 

13-5.  Whqn  plague  is  suspected,  material 
aspirated  from  buboes  or  sputum  should  be  col- 
lected by  -strict  aseptic  technique.  •  Blood  speci- 
mens taken  when  the  fever  is  high  should  be 
cultured  periodically  in  the  course  of  the  infec- 
tion. At  autopsy,  materials  from  lesions  and  in- 
flammatory areas  of  internal  organs,  especially 
the  spleen,  will  yield  the  organism.  P.  pseudo- 
tuberculosis gains  entrance  through  breaks  in  the 
skin  as  well  as  the  natural  portals.  The  ab- 
dominal viscera  is  the  site  principally  attacked, 
particularly  in  animals.  Lesions  of  the  cervical 
and  thoracic  lymph  nodes  or  a£  septicemia  can 


 -~J  jw;    mjui    U  piblbltbU. 

Colonies  tend  to  be  small  (less  than  1  mm.  in  *^  ^ 
diameter),  round,  glistening,  grayish-white,  and 
transparent,  without  evidence  of  hemolysis.  A 
transition  from  mucoid  to  smooth  or  smooth  to 
rough  colony  texture  can  sometimes  be  seen. 

13-8.  We  distinguish  amoita  the  three  species 
by  the  criteria  shown  in  table\l0.  Urease  pro- 
duction and  the  inhibitory  effect  of  bile  sSks 
revealed  by  growth  characteristics\on  desoxyefo- 
late-citrate  agar  are  the  key  points  in  this  de- 
termination. The  fact  that  P.  pseudotuberculosis 
yields  more  abundant  growth  at  room  tempera*  > 
tare  than  at  37°  C.  is  helpful  in  differentiating 
this  organism  from  the  plague  bacillus. 

13-9.  Francisella  Tularemia.  From  our  knowl- 
edge that  the  tularemia  pathogen  is  closely  re- 
lated to  the  plague  agent,  we  might  expect  simi- 
larities in  symptoms,  pathology,  and  the  type  of 
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specimen  we  collect.  These  similarities  do  exist 
to  a  degree.  Following  -invasion  of  the  skin  or 
mucous  membranes,  a  papule  or  ulcer  usually 
develops  at  the  site  of  entry.  The  tularemia 
bacilli  spread  rapidly  to  the  regional  lymph 
nocjes.  A  transient  bacteremia  during  the  first 
week  of  illness  serves  to  distribute  the  organisms 
to  various  internal  organs  where  foci  of  infection 
appear.  As  the  disease  progresses,  pneumonia 
and  a  fulminating  septicemia  may  develop.  In 
some  cases,  there  are  no  signs  of  localized  in- 
volvemea|  but  only  the  picture  of  a  febrile  sys- 
temic illiflks. 

13-10.  Fr.  tularensis  will  not  grow  on  ordinary 
media.  Cultivation  is  most  successful  on  cystine- 
glucose-blood  agar  containing  thiamine,  and 
growth  is  favored  by  incubation  at  37°  C.  in  a 
candle  jar.  Blood  cultures  utilize  thioglycollate- 
heart-infusion  agar  or  hemoglobin-cystine  agar. 
Primary  growth  from  the  specimens  requires  from 
4  to  7  days.  In  young  cultures  the  colonies  are 
very  tiny,  araough  later  a  relatively  heavy 
growth  of  small,  gray,  transparent  to  translucent, 
mucoid  colonies  develop.  Subcultures  to  cystine- 
glucose-blood  agar  plates  usually  yield  abundant 
growth  within  2  to  3  days.  Lymph  fluid,  blood, 
sputum,  and  material  from  localized  lesions  in 
suspected  cases  of  tularemia  should  be  cultured. " 
Blood  samples  may  be  taken  repeatedly,  parti- 
cularly during  the  first  week  of  infection.  As 


in  the  case  of  the  plague  bacillus;  strict  aseptic 
technique  must  be  maintained  in  handling  tu- 
laremia cultures  because  of  their  infectivity. 

13-1.1.  The  cells  of  Francisella  tularensis 
measure  0.3  to  0.7  micron  in  length  and  about 
0.2  micron  in  width.  In  young  cultures  the  coc- 
coid  forms  predominate,  while  in  older  cultures 
the  bacillary  form  is  more  prevalent.  The  bacil- 
lary  forms  are  usually  quite  pleomorphic  and  may 
be  bipolar  stained.  OvaU  bean  shapes,  dumb- 
bell shapes,  involution  forms,  and  filamentous 
forms  may  be  observed.  Although  this  organism 
has  no  capsule,  an  envelope  can  been  seen  on  a 
Gram-stained  smear  of  exudates. 

13-  12.  While  biochemical  tests  have  some 
value  (acid  production  in  maltosq,  glucose,  and 
mannose),  agglutination  tests  and  animal  viru- 
lence studies  in  mice  and  guinea  pigs  are  more 
frequently  used  in  confirming  identification.  Ab- 
sence of  growth  on  routine  culture  media  serves 
to  distinguish  Fr.  tularensis  from  the  Pasteurella 
species.  j 

14.  Hemophilus  and  Bord«ttlla 

14-  1.  It  was  only  recently  that  three  species 
of  Hemophilus  were  spiff:  off  from  that  genus 
and  placed  in  a  new  group,  the  Bordetella.  Mem- 
bers of  these  two  genera  are  morphologically  . 
similar,  and  they  are  found,  with  a  few  important 
exceptions,  in  the  same  habitat — the  human 


Table  11 
Source  of  HEMOPHILUS  Species 


Species 

Source 

influenzae 

Nose,  ear,  and  throat  infections;  pneumon- 
itis; meningitis;  septicemia. 

H.  aegyptius 

Contagious  conjunctivitis  (pink  eye) . 

 ¥-  —  

H.  ducreyi* 

Genital  chancroid  (soft  chancre) . 

H.    hemoly  ticus 

Nasopharyngeal  infections. 

H.  parainfluenzne 

Normal  throat  flora. 

H .    parahemo ly ticus 

Normal  throat  flora.. 

 M>  <  1  •  : 

H.  vaginalis 

Vaginitis. 
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A-<  ^  ch*n** 

A,  SATfUITISM  WITH  STAPHYLOCOCCI  ON  HOOD  AG**    ft.  CULTURE  Of  SPINAL  fLUiO  ON  CHOCOiATC  AOAft 

Fffum  15.  Hemophilus  infbmzje*  '  * 

-  ■  .         4  ; 

nasopharynx  and  adjacent  areas  of  tfee  respira-  blood  may  be  substituted  for  the  human  product, 

toiy  tract.  bat  sheep  blood  contains  substances  that  inhibit 

14-2.  The  taxonomic  relocation  of  the  Borde-  the  growth  of  certain  species  and  should  only  be  ' 
telta  was  justified  by  two  features,  Fim^the  three  used  for  the  preparation  of  chocolate  agar.  These 
species  that  were  formerly  Called  Bmpphitys  inhibitory  compounds  arc  destroyed  by  the  tenv 
are  antigenically  related  to  each  other;  and,  sec-  perature  of  7©°  to  75°  C  required  to  lyse  red 
oudly*  these  species  have  basically  different  uu-  blood  cells  in  making  chocolate  agar.  Since  heat* 
trfcional  needs  from  the  Hemophilus  with  regard  labile  factor  V  is  aIsordestroyed  in  the  process, 
ro  components  of  blood.  For  growth  on  labora-  the  growth  substance  must  be>  restored  by  adding 
tory  media,  Hemophilus  species  must  have  one  commercially  available  enrichment  supplements 
or  the  other,  or  both,  of  two  compounds:  hemin  \  or  yeast  extract  to  blood  agar*  after  converting  at 
(the  X  factor),  a  heat  stable  derivative  of  hemo-  by  heat  to  chocolate  agar*  * 
globinj  and  phospho-pyridinc  nucleotide  (the  V  14-6.  If  enrichment  supplements  are  not  avail- 
factor),  a  heat-sensitive  respiratory  coenzyme*  able,  a  plain  blood  agar  plate  can  be  streaked 
Botdetelta  species  do  not  require  that  these  fac-  with  the  specimen  presumed  to  hold  Hemophilus 
tors  be  supplied  in  the  medium.  spp.  Immediately  thereafterjSne  or  two  streaks 

14-3,  Hemophilus  Species.  Of  the  15  or  so  dif-  of  a^staphylococcus  culture  are  applied'  at  right 

ferent  forms  in  this  genus,  11  are  associated  with  anglesto  the  primary  inoculum.  After  24  to  48 

the  respiratory  tract  or  conjunctiva  and  3  with  hours  incubation,  H  influenzae  and  other  species 

the  genital  region*  Table  11  lists  the  7  species  requiring  V  factor  will  appear  as  small  colonies 

of  interest  to  the  laboratory  technician  and  indi-  growing  in  close  proximity  to  the  staphylococci 

cates  the  environment  in  whicFthey  are  generally  This  phenomenon  is  referred  to  as  "satellitism" 

encoimtered-  •  and  results  from  V  factor  production  by  the 

14-4.  As  a  rule,  the  Hemophilus  forms  are  staphylococci  We  can  see  in  figure  ISA  how 

coccobacillary  in  shape,  measuring  about  0.3  by  diffusion  of  V  factor  into  the  surrounding  medium 

.1.5  microns,  but  H.  influenzae  tends  to  produce  provides  a  really  available  enrichment  source 

long*  thin  filaments  and  aberrant  cells  shown  in  for  the  Hemophilus  spp.  Normally,  however,  H. 

fd^gut  4A>  detail  G.  Capsul^  often  appear  in  influenzae  grows  very  poorly  on  blood  agar,  and 

mm*  from  young  cultures,  the  source  of  the  supplemented  chocolate  agir  is  preferred  for  iso- 

kolafe  fommimes  influenaes  its  morphology;  for  lating  these  organisms.  Plain,  chocolate  agar  is 

exantp&v  *  'diplococcal  form  predominates  in  ^atfef^toiy  unless  growth  supplements  are 

smears  mm  spinal,  synovial,  or  pleural fluid. •  added.  *  9 

14-5.         s«  v^Pfartion  exists  in  the  ability  14*7.  Blood  cultures  are  best  collected  in  tryp- 

of JlmppkBks  to  grow  m  human  blood,  as  a  ticase  spy  broth  and  thioglycollate  medium  under 

0 b  most  hnmi*&  bloO#     satisfactory.  Rabbit  increased  CO*  tension  and  then  incubated  at 
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37°  C.  Once  growth  is  observed,  aliquots  are 
sjibcultured  to  rabbit  blood  agar  or  to  freshly 
'prepared,  supplemented  chocolate  agar  in  a 
candle  jar.  Material  such  as  spinal  fluid  sedi- 
ment, sputum,  eye  swabs,  and  nasopharyngeal 
or  sinus  swabs  should  be  planted  directly  on  rab- 
bit blood  or  supplemented,  chocolate  agar.  In 
figure  15B  we  show  colonies  of  H.  influenzae  on 
chocolate  agar. 

s  14-8.  H.  influenzae  strains  Mblated  from  most 
pathologic  sources  occur  in  thfljPnooth  (S)  form, 
although  both  mucoid  (M)  afid  rough  (R)  col- 
onies are  found.  The  S  colonies  are  raised,  slimy, 
confluent,  and  nonhemolytic**  They  are  about  2 
to  4  mm.  in  diameter.  M  colonies  are  more 
mucoid  in.'appearancc,  .and  microscopic  examina- 
tion will  reveal  the  presence  of  capsules.  The 
rough  (R)  forms  are  smaller,  nonhemolytic, 
*  transparent  to  translucent  colonies  that  present  a 
discrete  dewdrop  appearance.  The  cells  of  R 
colonies  are  nonencapsulated.  Colony  morpho- 
logy, alone,  is  not  sufficient  to  distinguish  be- 
tween H.,  influenzae  from  the  throat  and  H. 
aegyptius  of  pink  eye. 

14-9.  Hemophilus  ducreyi  deserves  mention 
because  of  the  special  technique  employed  in 
collecting  and  planting  the  specimen.  This  ,  species 
is  the  etiologic  agent  of  a  venereal  disease  char- 
acterized by  the  formation  of  ragged,  soft  ulcers 
in  the  genital  region.  The  ulcers,  called  soft 
chancres  or  chancroids,  differ  from  the  typical 


hard  chancre  of  primary  syphilis.  The  regional 
lymph  nodes  of  the  groin  may  become  second- 
arily infected,  and  these  buboes  can  rupture  and 
form  secondary  ulcers.  Chancroids  often  become 
infected  wittfbther  bacteria. 

14-10.  When  observed  in  a  smear  of  tissue 
exudates,  the  organisms  appear  as  short  ovoid 
bacilli  in  end-to-end  pairs — diplobacilli— or  short 
chains.  The  cells  may  be  found  in  small  clusters 
F  and  in  parallel  rows— pallisades— • presenting  a 
"school  of  fish"  appearance.  Individual  cells  are 
about  1.0  to  1.5  microns  in  length  and  0.6  micron 
in  width. 

14-11.  Laboratory  diagnosis  is  accomplished 
by  taking  material  from  beneath  the  craterlike 
edges  of  a  suspicious  lesion,  and  inoculating 
clotted  rabbit  blood  or  a  meat,  infusion  medium 
containing  3  percent  agar  and  30  percent  sterile, 
defribinated  rabbit  blood.  Incubation  in  a  candle 
jar  at  37°'  C.  hastens  growth.  6h  the  meat  in- 
fusion agar-rabbit  blood  medium,  the  organism 
appears  as  small,  convex,  gray-whirf?  colonies 
with  entire  edges.  In  2  or  3  days  the  colonies 
may  measure  1.5  to  2.2»  mm.^  in  diameter  and 
demonstrate  a  central  depression.  Whereas  the 
pus  aspirated  from  an  unopened  bubo  may  yield 
a  pure  culture,  growth  is  obtained  more  fre- 
quently from  the  ulcerated  lesion.  We  saw  in: 
table  1 1  that  as  many  as  5  species  of  Hemophilus 
can  be  found, in.  the  same  general  Jpcale — the 


Table  12 

Growth  Requirements  and  Hemolytic  Action  of  HEMOPHILUS  Species 


Species 

X  Facto* 

w 

V  Factor 

Hemolysis 

H.  influenzae 

H.  aegyptius 

+ 

H.  ducreyi 

~ — —• — 

H'.  hemolytiou8 

H .  parainfluenzae 

+ 

H.  parahemolyticus 

 A  „  

H.  vaginalis 

+ 
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A.  THROAT  CUITUKE  OK  tOKDCf*6EHOOU  MKHUM 
I  SUKUtTURE  ON  fclOOD  AGAR  AfTER  PRIMARY  ISOUHON  ON  ROROET^CNOOU  MEDIUM 

Figure  16,  Bordetetta  pertussis. 


nasopharynx  and  nearby  jbrgans.  Since  these 
closely  related  forms  are  so  similar  in  appearance, 
we  generally  separate  them  into  species  on  the 
basis  of  requirements  for  X  and  Y  factors  and 
the  presence  or  absence  of  hemolysis  on  blood 
agar.  In  table  12  these  variations  in  pattern  are 

shown*  -       .  /  , 

14-12.  The  site  of  the  cluneal  infection  must 
be  depended  upon  to  decide  between  H*  in- 
fluenzae and  H>  aegyptius,  the  two  most  promi- 
nent pathogens.  Similarly,  fl,  parainfluenzae 
and  H.  parahemolyticus  can  give  identical  cul- 
tural results,  but  distinction  is  not'critical  because 
both  are  normal  flora  of  the  throat 

14*13*  Bordetelia  Species.  We  pointed  wft  m 
the  introductory  paragraph  of  this  section  that 
three  species,  B*  pertussis,  B.  parapertussis,  and 
JT,  bronchiseptica  were  formerly  classified  with 
the  genus  Hemophilus*  The  Bordetetta  species 
are  named  for  the  French  microbiologist,  Jul$s 
Bordet,  who  isolated  the  whooping  cough  agent 
in  1906,  The  Bordetetta  are  less  demanding  in 
their  nutritional  requirements  with  respect  to  the 
X  and  V  factors  of  blood  This  characteristic, 
we  noted,  was  one,  of  the  reason  for  classifying 
these  organisms  separately.  .  '  „ 

14-14.  Bordetetta  pertussis  «  responsible  for 
an  infection  of  the  tracbial  and  bronchial  epi- 
thelium, ^disease  known  as  whooping  cough. 
The  organftm  interferes  with  ciUary  action  and 
causes  episodes  of  uncontrollable  .coughing  ac- 
companied by  inspiratory  whoops,  It  can  also 
cause  cerebral  and  pulmonary  complications.  B. 
'parapertussis  and  B.  bronchiseptica,  the  non- 


pathogens,  can  be  isolated  from  the  nasopharyn- 
geal region  by  -swabbing  ,or  cough  plate  tech- 
nique* *  '*« , 

14-15.  Morphologically,  B,  pertussis  is  a  small,  \ 
ovoid,  Gram-negative  rod  that  measures  0,3  to 
0.5  micron  in  width  wd  1.0  to  1.5  microns  in 
'length.  It  is  nonsporeforming  and  nonmptile,  fit 
bronchial;  secretiois  the'  bacilli  usually  occur 
singly  and  in  masses.  Occasional  diplobacilli 
may  be  observed.  Chains  are  not  formed  in  "exu- 
dates but  may  be  seen  in  broth  culture;  Smooth 
colonies  usually  yield  encapsulated  cells*  The 
bacilli  of  B.  pertussis  clpsely  resemble  thp  eocco- 
bacillary  forms  of  Hemophilus  influenzae;  how- 
ever, B.  pertussis  does  not  ordinarily  produce  the 
threadlike  filaments  or  other  pleomorphic  forms 
exhibited  by  H.  influenzae. 

14-16.  Bordetetta  pertussis  is  an  aerobe  and 
requires  a  complex  medium.  Laboratory  identi- 
fication is  based  on  the  isolation  of  the  organism 
from  nasopharyngeal  swab  culturea^or  by  the 
cough  plate  technique.  The  medium  of  Bordet 
and  Gengou  containing  glycine,  potato,  and  15 
percent  blood  is  recommended.  The  cough  plate 
.technique  involves  holding  the  petri  dish  of 
Bordet-Gengou  medium  about  6  inches  frotrf  the 
mouth  of  the  ^tdent  and  having  the  patient 
cough  onto  the  exposed  medium*  The  plate  is 
incubated  at  37°  C.  and  examined  after  3  to  5 
days.  Growth  is  slow.  Colonic  are  small,  dome- 
shaped,  and  possess  a  griy  metallic  luster,  re- 
sembling mercury  drops  or  a  bisected  pearl,  as 
we  note  in  figure  16.  A  beta  hemolysis  is  pro- 
duced; however,  the  edge  of  the  zone  of  hemoly- 
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sis  is  fuzzy  and  indefinite  because  of  the  large 
concentration  of  blood  used  in  the  medium. 

14-17.  The  isolation  of  B.  pertussis  is  easier  if 
we  treat  the  cotton-tipped  nasopharyngeal  swab 
with  penicillin.  We  do  this  by  deputing  a  drop 
of  penicillin  (1,000  units)  4n  the  surface  of  the 
medium.  Then  we  swirl  t%  swab. "through  the 
drug  and  streak  the  drug-specimen  mixture  with 
a  wire  loop.  PeniciNin  inhibits  contaminating  or-1* 
ganisms  and  permits  growth  of  flv  pertussis  col- 
onies. Penicillin  (5  units  per  10  tnli)  dan  also, 
be  incorporated  in  the  medium  to  retard  con- 
taminants. 

14-  18.  As  a  rule,  carbohydrates  are  not  fer- 
mcntedf  by  B.  pertussis,  although  an  occasional 
lactose  and  glucose  fermentor  may  be  encoun- 
tered. Approximately  70  percent  of  the  strains 
isolated  are  catalase-positive.  We  find  }n  jable 
13  that  citrates  are  not  used  as  the  sole  source 
of  carbon,  and  the  species  is  urea-negative.  In 
fact,  citrate  utilization,  urease  production,  mo- 
tility, and  nitrate  reduction  are  the  prime  means 
of  distinguishing  B.  pertussis  Jfrom  the  other  two 
species.  The  brownish  hemolysis  surrounding  B. 
parapertussis  colonies  is  caused  by  a  high  con-, 
centration  of  copper-containing  protein.  We 
noted  earlier  that  the  %  ufuzzy,%  hemolysis  of  B. 
pertussis  results- from  the  high  concentration  of 
yd  cells  injhe  Bordet-GengoiMtiedium. 

5.  The  Genus  Brucella 

15-  1.  The  disease  in  man  known  as  brucellosis 
or  "undulam  fever'*  can  be  caused  by  any  one  of 
three  'Brucella  species  that  normally  occur  as 
pathogens  of  domestic  animals.  Br.  melitensis 
(Malta  fever)  is  associated  with^he  disease  in 
•goats^  flr.  abortus  with  cattle  (Bang's  disease), 
and  Br.  suis  with  swine. 


15-2.  Disease  in  man  follows  the  ingestion  of 
raw  milk  and  improperly  cooked  meat  from  in- 
fected animals  or  direct,  contact  withf  contami- 
nated animal  tissue.  The  incidence  of  brucellosis 
is  high  among  slaughter  house  attendants,  veteri- 
nafffihjsr^sage  makers,  butchers,  dairymen,  and 
similar  occupational  groups  exposed  to  infected 
animals. 

15-3.  After  entry  into  the  human  host,  the 
organisms  spread  by  way  of  lymph  channels  and 
the  bloodstream  to  various  organs  including  the 
liver,  spleen,  bone  marrow,  and  other  areas  of 
„  the  reticuloendothelial  system.  The  organisms 
form  multiple  'abscesses  in  these  tissues,  and 
osteomyelitis  t>r  meningitis  may"  occur.  At  the 
height  of  infection,  acute  febrile  episodes  (un- 
dulant  fever)  result  as  organisms  are  intermit- 
tently released  into  the  bloodstream.  The  bacilli 
remain  dormant  in  deep  tissues  (chronic  brucel- 
losis), £nd  relapses  may  occur. 

15-4.  These  organisms  ~  are  predominantly 
small  coccQbacillary  forms  ranging  from  0.4  to 
3.0  microns  in  length  and  0.4  to  0,8  micron  in 
width.  In  freshly  isolated  cultures  they  are  en- 
capsulated and  form  smooth  or  mucoid  colonies. 
Gram-negative  cells  occur  singly,  in  pairs,  or  in 
short  chains.  Brucella  spp.  do  not  possess  flagella, 
so  they  are  nonmotile.  Br.  melitensis  usually 
produces  coccal  forms  in  exudates  and  tissue, 
whereas  Br.  abortus  and  Br.  suis  produce  the 
bacillary  form. 

15-5.  Blood  taken  during  the  febrile  stage*  is 
the  specimen  of  choice  for  isolating  Brucella 
species.  Lymph  aspirations,  biopsy  inaterials, 
spinal  fluid,  or  swab  specimens  of  de'efcHesions 
may  also  be  examined.  The  isolates  require  com- 
plex media  for  growth.  Although  many  special 
media  have  been  devised,  trypticase.  soy  broth 


Table  13 

Characteristics  of  the  BORDETELLA  Species 


t 

Jpeaies 

Ci trate 

i 

Urea 

Moti lity 

Nitrate  ' 
Reduced 

Hemolysis 

3:  pePtussis 

+ 

(fuzzy)i 

B.  parapertussis 

* 

+ 

+ 

b 

+ 

(brown) 

y.    bronchia eptica 

t 

+ 

 it  J 

+ 

+ 

t 

+ 

O   =  usually 
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Table  14 
Identification  of  BRUCELLA  Species 


Species 

s  4 

Carbon  Dioxide 
Requirement  a 

*  Carbohydrate  fermentation 

GroMtU  <g 
pretencp^rf 

Moti lily 

Urease 
4  hrs. 

Hydrogen 
Sulfide 

Gluoose 

Lao  tote 

Suoroae  • 

Basic 
Puchs in 

Thionin 

.Brucella  meliten$i$ 

\ —  

Not  required  for  growth 

t 

♦ 

♦ 

* 

♦  or 
for  l^\aj^ 

Brucella  abortus 

Required  for  growth 
(usual ly) 

1 

♦ 

* 

♦ 

♦  for  2 
days 

Brucella  suia 

Not  required  for  growth 

♦ 

♦ 

♦  for  4 
days 

NOTE:  1. 


7   :  , 

V^»ire£^^  carbon  U^Ue  £ 
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and  agar  are  .generally  WecL  fir.  abortus  can  only 
be  cultivated  from  sligical  specimens  in  an  at- 
mosphere of  5  to  Jv/Jterarit  carbon  dioxide. 
Br.  nielitensis  and/Br,  sijtis)mll  grow  with  or 
without  increased  carbon  dioxide.  Prolonged  in-  . 
cubation  (several  \Wkj^at  37°  C.  is  often  nec- 
essary for  initial  isolation;  on*  subculture,  growth^ 
usually  occurs  within  3  of  4  days.. 

1 5-6.  On  ttypticase  soy  agar,  colonies  are 
*mall.  translucent,  smooth,  glistening,  and  blue- 
gray  in  color.  In  pour  plates  made  with  blood  f 
agar,  colonies  resemble  those  of  the  viridans 
(alpha)  streptococci.  A Brucella  species  demon- 
strate a  smooth  (S)  to  rough  (R)  dissociation 
pattern".  Mucoid^fW)  colony  forms  may  also  be 
encountered,  'fney  are  round;  flat,  regular,  and 
gray  to  reddish-yellow.  The  low-virulence  R 
Monies  generally  yield  long  filamentous  bacilli 
that  autoagglutinate  in  normal  saline  •  solution.  It 
is  possible  to  distinguish  th£  three  colony  types 
on  the  basis  of  color  when  the  colonies  are  stained 
by  an  aqueous  solution  (1:2*000)  of  crystal 
violet  and  observed  with  a  dissecting  microscope 
or  hand  lens.  The  R  colonies  appear  a  deep 
violet  red,  the  S  colonies  a  blue-greenrx  and  the 
M  type  a  light  bluish.-rqd.  *■ 

15-7.  Isolates  presumed  to  beKBruce!la  species 
are  subjected  to  the  cultural  studies  summarized 
in  table  14.  By  inoculating  trypticase  soy  agar 
slants  and  incubating  them — one  in  a  candle  jar, 
the  other  in  normal  atmosphere — w6  c^n  separate 
Br.  abortus  from  B'  melitensis  and  Br.,  suis. 
Motility  and  fermentation  tests  with  glucose, 
lactose,  and  sucrose  help  to  distinguish  Brucella  . 
species  from  Salmonella  species.  The  former  are* 
nonmotile  and  do  not  usually  ferment  those  car- 
bohydrates. Salmonella  organisms  are  motile  and 
ferment  at  least  one  of  them. 
5-8.  We  can  incorporate  thionin  (1:100,000 
lution)  and  basic  fuchsin  (1:100,000  dilution) 
into  separate  culture  media  to  help  differentiate 
the  species  on  the  basis  of  growth  or  no  growth. 
Note  also  in  table  14  that  urea  is  hydrolyzed 
rather  rapidly  by  Br.  suis  (within  4  hours)  and 
very  little  or  not  at  all  in  this  same  period  of 
time  by  the  othgr  species.  Sustained  hydrogen 
sulfide  production  as  measured  by  the  lead  ace- 
tate test  is  another  means  <*  differentiating  the 
species.    Serological  techniques  are  helpful,  as 
well.  A  significant  rise  in  Brucella  antibody  titer 
in  the  patient's  serum  is  indicative  of  infection. 
A  1>lood  specimen  collected  during  the  acute 
phase  of  the  disease  and  another  during  the  con-\ 
valescent  phase  should  be  kept  frozen  and  tjiep 
tested  simultaneously  to  demonstrate  the  in- 
crease in  titer. 


16.  Miscellaneous  Gram-Negative  Bacilli 

16-1.  In  this  section  we  will  make  brief  men- 
tion of  three  specific  pathogens  representing  two 
genera  of  the  family  Brucellaceae  and  one  genus 
of  the  family  Bacteroidaceae.  These^  infectious 
agents  are  A  ctinobacillus  mallei  and  Cdym- 
matobacterium  granulomatis  of  the  first-men- 
tioned family,  and  Streptobacillus  moniliformis 
of  the  bacteroid  family.  Lastly,  we  will  take  note 
of  the  heterogeneous  Qiganisms  grouped  under 
the  genus  Bacteroides.  These  species  live  in  such 
close  association  with  man,  and  in  such  profusion, 
that  they  are  freqiiqnty  found  in  clinical  speci- 
mens as  "secondary-invaders"  of  the  disease 
process.  . 

16-2.  A  ctinobacillus  mallei  is  the  etiologic 
agent  of  glanders,  a  disease  of  horses  occasion- 
ally transmitted  to  man  ajid  to  other  domestic 
animals.  Entry  into  the  body  occurs  through  a 
scratch  on  the  skin,  an  abrasion  of  the  mucosa,  or 
from  inhaling  contaminated  moisture  droplets. 
The  latter  source  of  infection  is  of  particular 
importance  in  the  laboratory.  The  clinical  type 
of  the  disease  is  dependent  on  the  mode  of  entry. 
Infection  of  the  skin  results  in  a  nodule  sur- 
rounded by  swelling  #nd  an  area  of  lymphangitis. 
Infection  by  way  of  the  mucosa  gives  rise  to 
lymphatic  involvement,  and  pneumonitis  can 
suit  from  inhalation  of  the  bacilli. 

16-3.  A  ctinobacillus  mallei  is  a  small  Gram 
x^gative  rod  approximately  0.3  to  0.5  micron  in 
width  by  2.0  to  4.0  microns  in  length.  The  cells 
show  rounded  ends  and  may  occur  singly,  in 
pairs,  or  in  groups.  Filamentous  forms. are  rarely 
seen,  although  branching  cells  may  be  found  on 
glycine  agar. 

16-4.  This  organism  grows  aerobically  and 
anaerobically  with  an  optimum  temperature  of 
37°  C.  It  grows  well  on  ordinary  meat  infusion 
media,  but  growth  is  more  abundant  if  glycine 
and  a  small  amount  of  glucose  are  added.  On 
Eoeffler's  serum  agar,  the  colonies  appear  moist, 
viscid,  and  yellow  in  color  after  36  hours  of  in- 
cubation. On  other  media  the  colonies  are  round 
and -  granular,  with  the  appearance  of  small  yel- 
low-white spots.  Yoi^ng  colonies  arc  transparent,, 
becopamg  more  opaque  and  more  yellow  with' age. 
As^  rme,  no  carbohydrates  are  fermented,  and 
the  organism  is  nonmotile,  does  not  reduce  ni- 
trates, liquefy  gelatin,  nor  produce  indole. 

16-5;  It  is  >est  to  inoculate  material  obtained 
from  ulcerations  and  lesions  to  meat  infusion 
agar  and  glycine  agar.  Growth  occurs  rapidly 
(24  to  48 '  hours)  at  37°  C.  Inoculation  to 
potato  agar  serves  as  a  good  diagnostic  procedure 
in  that  there  is  good  growth  of  a  transparent, 
yellow-white,  slimy  layer  on  the  agar  surface.  As 
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Figure  17.    Calymmatobacterium  granttlomatis. 

the  culture  gets  older,  the  colonies'  become  brown 
to  red-brdWn  in  color.  Blood  cultures  as  a  rule 
are  negative  but  may  become  positive  during  the 
terminal  stage  of  the  disease. 

16-6.  Calymmatobacterium,  granulomatis,  the 
only  species  of  the  genus,  i&*  the  etiologic  agent 
of  granuloma  inguinale,  a  disease  characterized 
i^jjhronic  ulcerative  lesions  of  the  genital  area. 
Although  considered  by  many  to  he  a  venereal 
infection,  transmission  of  the  causative  agent  by 
sexual'  contact  has  not  been  fully  substantiated. 

16-7.  The  organism  is  *a  Gram-negative, 
pleomorphic  rod^thibiting  bipolar  staining.  The 
bacilli  measure  approximately  1 .0  to  2.6  microns 
in  length  and  have  rounded  ends.  They  occur 
singly  or  in  clusters.  Capsules  may  be  observed 
when  the  organisms  are  found  inside  mononu- 
cleated  white  cells.  When  inside  such  cells,  they 
are  often  referred  to  as  "Donovani  bodies," 
shown  inj  figure  17.  C.  granulomatis  cannot  be 
isolated/bn  ordinary  culture  medik,  but  growth 
takes  iriace  in  chick  embryo  tissues.  Subcultqring 
may  Then  be  successful  on  artificial  media  such 
£  a  beef-heart-infusion  agar. 

°16-8.  Laboratory  diagnosis  is  accomplished  by 
demonstrating  "Donovani  bodies"  in  largt  mono- 
nulcear  white  cells  obtained  from  ulcerated  le- 
sions. If  Wright's  stain  is  used,  blue  bacilli  sur- 
rounded by  a  well-defined,  dense,  pink  capsule 
are  observed.  This  organism,  besides  being 
morphologically  similarTo  the  enteric  Gram-neg-  0 
ntivc  rods,  demonstrates  ;i  cros§-complement 
fixation  with  members*  of  the  genus  Klebsiella. 
suggesting  a  closer  relationship  with  the  enteric 
forms  than  the  taxonomic  classification  indicates. 

16-9.  Streptobacillus  moniliformis  is  the  one 


recognized  species  in  the  genus.  This  normal  in- 
habitant of  the  motith  of  rats,  both  wild  and 
laboratory  types,  infects  humans  as  the  result  of 
a  rat  bite.  The  disease  is  similar  clinically  to  * 
that  produced  by  Spirillum  .  minus— "ratbite 
fever."  Streptobacillus  moniliformis  can  be  iso- 
lated from  the  blood.  Collection  of  the  patient's 
specimen  in  sterile  2.5  percent  sodium  citrate  in 
the  ratio  of  10  ml  of  blood  to  10  ml.  of  Sodium  " 
citrate  yields  good  results.  The  mixture  should 
be  centrifuged  and  the  sedimcnted  red  cells  used 
ro  inoculate  culture  media.  Gram  stains^can  be 
made  from  the  sediment,  too. 

16-10.  This  Gram-negative  organism  is  quite 
pleomorphic,  varying  in  form  from  a  short  rod  to 
long,  interwoven  '  filaments.  These  filaments 
break  up  into  chains  of  bacilli  and  coccobacillary 
forms.  Examination  of  the  filaments  often  re- 
veals yeastlike  swellings.  The  filaments,  which  * 
attain  a  length  of  T50  microns,  may  be  curved 
and  even  looped.  When  cultured  in  a  laboratory 
vanimal  or  on  suitable  media,  a;  more  uniform 
bacillary  form  measuring  2.0  to  4.0  microns  in 
length  emerges.  The  organism  is  nonsporeform- 
ing  and  nonencapsulated.  4 

16-11.  Blood,  ascitic  fluid,  or  serum  is  required* 
for  growth.  Infusion  media  may  be  enriched  by 
adding  natural  body  vfluids,  e.g.,  serum,  to  a  final 
concentration  of  10  to  30  percent.  This  organisrp 
is  facultatively  anaerobic  and*  grows  well  as  an 
aerobe.  It  has  an  optimum  temperature  of  37° 
C.  Sortie  strains  grow  better  in  an  atmosphere 
with  a  high  moisture  content.  Str.  moniliformis 
produces  a  colonial  variant  called  "Li"  (Lister 
Institute)  This  L  form  grows  into  the  medium 
and  cannot  usually  be  transferred  with  the  lab-  - 
oratory,  loop.  Transfer  i<>  accomplished  by  cutting 
out  a  small  block  of  medium  which  contains,  a 
colony  and  then  subculturing  it  to  fresh  media. 

16-12.  On  solid  media  growth  is  slow— taking 
up  to  48  to  72  hours.  On  serum  or  ascitic  fluid 
media  growth  appears  as  discrete  (1.0  to  2.5 
mm.  in  diameter)  colonies  which  are  circular  and 
colorless  or  gray-white.  They  are1  convex,  with  a 
smooth  glistening  surface  that  is  butteptiife  in  con- 
sistency. Coarse,  gcanular  colonies  niay  be  ob- 
served occasionally.  L  form  colonies  are  found 
growing  in  the  immediate  proximity  of  the  regu- 
lar colonies.  In  broth  media,  growth  .usually  oc- 
cures  at  the  bottom  of  the  container.  It  resem- 
bles small  white  "fluff  balls"  or  "cotton  balls." 
If  blood  is  used,  growth  on  the  sedimented  red 
blood  cells  is  quite  striking.  Thesje  "balls"  can  be 
removed  intact  for  cuituring  and  staining. 

16-13.  There  ate  at  least  30  different  species 
in  the  genus  Bacteroides.  The  organisms  have 
been  implicated  in  bacteremias,  abscesses, 
peritonitis,  salpingitis,  meningitis,  otitis  media, 
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and  other  conditions.  But  there  is  no  direct 
evidence  of  a  primary  role  for  them  in  humai^ 
disease.  They  appear  to  be  associated  with  dis- 
eased or  injured  tissue  as  secondary  invaders. 
The  bacteroids  are  normal  inhabitants  of  the 
mouth,  intestinal  tract,  arid  vaginal  In  feces,  they 

,  probably  outnumber  Escherichig  cgli.  The  type 
species  of  this  genus,  Bacteroides  fragilb,  and 
BQcteroides  %  funduliformis  are^  frequent  isolates 
in  the  clinical  laboratory.  Bacteroides  melanino- 
genicus  has  been  found  in  surgical  wounds  apd 
infections  of  the  upnary  tract. 

16-14.  The  organisms  of  this  genus  are  Gram- 
negative 'rods  with  a  tendency  to  'have  rounded 

0  ends;  however,  one  can  see  an  occasional  bac- 
terium with  pointed  ends — fusiform.  Some  of 
these  bacteroids  ,are  so  small  they  can  pass 
through  the  filter  pads  used  in  sterilizing  liquids 
by  filtration.  Generally,  the  bacteria  range  in 
size  from  0.3  to-  0.8  micron  in  width  and  2.0  to 
4.0  microns  in  length.  Filamentous  forms  as^loiig 
as  100  microns  may  be  observed  occasionally. 


„ 16-15.  The  Bacteroides  species  are  strict 
anflprobes,  in  many  ways  difficult  -to  isolate  be- 
cause of  their  sensitivity  to  oxygen.  Exposure 
to  the  air  for  just  a  few  minutes  causes  death. 
Optimum  temperature  for  growth  is  37°  G  Mem- 
bers of  this  genus  ordinarily  t  require  a  medium 
enriched  with  body  fluids  such  as  ascitic  fluid* 
serum,  or  blood.  Good  growth  can  be  obtained 
in  thioglycollate  broth  plus  ascitic  fluid,  and  on 
blood  agar.  Colonies  may  tak$  48  hours  to  10 
days  to  become  visible.  " 

16-16.  On  blood' agar,  colonies  of  Bacte/oides 
species  are  nonhemolytic,  small,ysmooth,  grayish 
in  color,  and  glistening.  Bacteroides  melanino- 
genicus  produces  a  melaninli/e  blackjggigment  * 
This  pigment,  may,  riot"  show  up  b™re  .  the 
fourth  or  fifth  day,  however.  In  broth  culture, 
Bacteroides  spp.  produce  a  diffuse,  even  turbid- 
ity, a  foul  odor,  and  gas.  Identity  is  established 
by  the  requirement  'for *  strict  anaerobiosis,  the 
Gram-negative  microscopic  mofchology,  and  the 
characteristic  colpnies.  -v*^/  * 
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The  Enteric  Organisms 


OF  ALL  THE  CLINICAL  specimens  sub- 
mitted to  the  laboratory  for  bacteriological 
examination,  the  feces  contain  the  greatest  num- 
ber of  organisms,  both  in  quantity  and  in  the 
variety  of  genera  represented.  The  feces  normally 
contain  millions  of  bacteria  per  gram.  Most  of 
these  bacteria  are  harmless  normal  flora,  but 
others  cause  some  of  the  world's  most  prevalent 
diseases.  The  pathogenic  and  nonpathogenic 
Gram-negative  bacilli  that  you  isolate  from  stool 
specimens  are  often  referred  to  as  the  "enterics" 
because  of  their  natural  habitation  in  the  intesti- 
nal tract.  •  Aside  from  these  forms,  there  are 
"entericlike"  organisms  which  closely  resemble 
the  enterics,  and  which  occur  often  enough  in 
feces  or  other  clinical  specimens  to  complicate 
the  process  of  identification. 

2.  The  prompt  and  accurate  identification  of 
enteric  organisms  serves  several  useful  purposes. 
It  can  help  locate  and  isolate  "carriers"  and  give 
advance  warning  of  epidemics.  It  can  confirm 
the  nature  of  an  infection  in  cases  where  the 
clinical  picture  is  not  typical;  and  it  can  assist 
the  physician  in  prescribing  an  effective  course 
of  therapy.  The  enterics  are  not  limited  to  the 
feces,  however.  Almost  every  organ  or  body  fluid 
may  become  diseased  as  a  result  of  infection  with 
these  microbes.  Consequently,  learning  the  en- 
teric identification  procedures  is  an  important 
part  of  the  bacteriologist's  training,  because  this 
knowledge  is  put  to  daily  use  in  the  hospital  lab- 
oratory. v 

17.  Classification  and  Generdl 
"Characteristics 

17-1.  The  bacteria 'that  make  up  the  assorted 
enteric  genera  are  closely  related  inShe  physiolog- 
ical sense.  Their  similarities  in  fundamental 
metabolic  processes  usually  make  generic  distinc- 
tions difficult.  To  complicate  the  task  of  labora- 
tory identification,  we  often  find  marked  variabil- 
ity from  culture  to  culture  of  a  given  species 
with  respect  to  fermentation  patterns  and  other 
traits  useful  in  characterizing  an  organism.  As  a 


consequence,  there  is  still  a  great  deal  6|  tin- 
certainty^fregarding  the  exact  taxonomic  position 
of  many  of  the  Gram-negative  enteric  forms. 

17-2.  Taxonomic  Relationship*  From  a  glance 
at  the  classification  scheme  below  we  can  see 
that  most  of  the  enterics  fall  within  the  order 
Eubactiriales  and  within  one  family,  the  Entero- 
bacteriaceaev  We  will  also  be  concerned  briefly 
with  a  single  genus,  Alcaligenes,  of  the  family 
Achromobacteraceae,  because  Alcaligenes  fecalis 
is  often  associated  with  the  mixed  populations 
of  the  intestinal  tract.  The  second  order 
(Pseudomonadales)  shown  in  our  classification 
scheme  has  two  genera  of  medical  significance — 

PseudQmonas  and  Vibrio.  Ps.  aeruginosa  and  Ps. 
pseudomallei  warrant  special  mention  in  this 
chapter- although  neither  is  normally  associated 
with  infections  of  the  intestinal  trafct.  The  spiral- 
like  Vibrio  cholerae,  causative  agent  of  human 
cholera,  represents  the  second  genus  of  interest 
to  us.  It  will  round  out  our  discussion  of  the 
enterics  and  related  organisms. 


17-3.  The  four* families  hold  37  genera.  For- 
tunately, we  are  concerned  in  the  clinical  labora- 
tory with  less  than  a  dozen  of  these: 

Class  II.  Schizomycetes 
Order  IV.  Etibacteriales 
Family  III.  Arch ro mob acteraceae 
Genus  I.  Alcaligenes 
,  Family  IV.  Enterobacteriaceae 
Genus  I.  Escherichia 
Genus  II.  Aerobacter 
Genus  III.  Klebsiella 
Genus  IV.  Paracolobactrum 
Genus  VII.  Svrraria  J 
Genus  VIII.  Proteus  J 
Genus  IK.  Salmonella  J 
Genus  X.  Shigella 
Order  I.  rcudomonadales 
Familv/lV.  Pseudombnadaceae 

Genus  L  Psettdomonas    v    m  - 
Family  VII.  Spirillaceae1 
Genus  I.  Vibrio 
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Table  15 

Pwnop al  Divisions  and  Gkoufs  of  the  Entekobactejuaceae 


IM\  i<.  1US  Urease  Growth  Phenylalanine 

Reaction       Production       Production       in  KCN  0     Deaminase  Production  Division   Groups 


—  

V"  ♦  -   •  . 

» 

Shigella- 
Escherichia 

Shigella 
Escherichia 
Alkalescea»- 
Dispar  f 

-  ♦    -  ♦ 

+                                           v  - 

# 

Salmonella- 

Arizona- 

Citrobacter 

Salnioneltt 

Arizona 

Citrobactar 

Bethesda- 

Ballerup 

« 

or  late  ♦         or  late  ♦ 

Klebsiella- 
Aerobactar- 
Serrktia 

Klebsiella 
Aerobacter 
Hafnia 
Serratia 

V  ♦  -  V 

V                      V                •  ♦ 

Proteus - 
Providence 

o  Proteus 
Providence 

#■  r 


KEY:  ♦  ■  positive  reaction 
♦  *  negative  reaction 
V  «  variable  strains 


Adapted  from  P.R.  Edwards  and  K.H."  Ewing,  Identification  of  Enterobacteriacaae ,  2nd  Edition, 
Burgess  Publishing  Co.,  Minneapolis,  Minn.  (1962)  f  pp  2-3.  1  


17-4.  This  nomenclature  and  taxonomic  group- 
ing conforms  to  the  current  edition  (1957)  of 
Sergey's  Manual  of  Determinative  Bacteriology. 
The  system  of  Breed,  Murray,  and  Smith,  which 
served  as  the  foundation  for  .that  edition  with 
respect  to  the  Enterobacteriaceae,;  grouped  the 
enterics  on  the  basis  of  lactose  fermentation 
(positive  or  negative),  pigment  production,  and 
the  absence  of  cytochrome  oxidase.  The  fermen- 
tation characteristic  is  not  consistent,  however, 
because  each  group  of  lactose-fermenting  orga- 
nisms contains  strains  which  ferment  the  sugar 
slowly  if  at  all,  i.e.,  48  or  72  hours  instead  of 
the  usual  24-hour  period.  Moreover,  pigmentation 
is  variable  and,  as  a  rule,  will  not  develop  on 
media  used  routinely  for  enterics. 

17-5.  More  recently,  other  workers  have  used 
IMVIC  reactions  (indole,  methyl  red,  Voges-  * 
Proskauer,  citrate),  along  with  hydrogen  sulfide 
and  urease  production,  growth  in  KCN  broth, 
and  the  production  of  phenylalanine  deaminase 
to  separate  the  principal  enteric  organisms  into 
the  "divisions"  and.  "groups"  portrayed  in  table 
15.  Note  that  emphasis  is  placed  on  a  taxonomic 
aggregate  (i.e.,  division)  rather  than  the  genus 
as  the  major  element  in  classification. 

17-6.  Note,,  too*  that  the  genus  names  repre- 
sent a  significant  departure  from  the  nomencla- 
ture (paragraph  17-3)  used  in  Bergey's  Manual. 
You  will  find  examples  of  both  the  older  and 
the  more  recent  names  in  current  reference  texts 
and  scientific  periodicals.  In  this  chapter  we,  will 
use  a  format  adapted  from  Edwards  and  Ewing 
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(table  15)T  in  expectation  that  the  next  edition 
of  Bergey{s  Manual,  tentatively  scheduled  for 
publicatjon\  in  1969,  will  include  these  newer 
concepts  of  \|axonomic  relationship  among  the 
enteric  forms.  j 

17-7.  Morphology  and  Cultural  Property  In 
the  first  volume  of  this  course  we  discussed'  in- 
dividually the  steps  usually  followed  by  the  bac- 
teriologist in  setting  up  isolation,  and  identification 
procedures.  Collection  and  preparation  of.  stool  * 
specimens,  and  the  physiological  basis  for  em- 
ploying the  various  types  of  culture  media  were 
discussed  in  Volume  1.  We  also  gave  you  de- 
tailed instructions  on  how  to  inoculate  specimens 
of  different  categories  to  specific  media  in  order 
to  successfully  isolate  the  microorganisms  ordi- 
narily found  in  those  specimens* 

17-8.  The  processing  of  stool  specimens  for 
enteric  isolation  follows  a  well-established  pattern. 
It'  is  worthwhile  to  review  the  stepwise  procedure 
in  brief  fashion:  First,  inoculate  an  enrichment 
broth  (selenite  F  or  tetrathionate).  Tills  proce- 
dure permits  the  enteric  pathogens  such  as 
Shigella  and  some  Salmonella  spp.  to  multiply 
at  the  expense  of  the  nonpathogens.  After  a  few 
hours,  streak  the  broth  to  obtain  isolated  colonies 
on  differential  media. 

17-9.  Concurrent  with  inoculation  of  the  en- 
richment broth,  streak  plates  of  assorted  selective 
fcnd  differential  media  with  the  stool  specimen. 
Typical  of  the  selective  media  are  Salmonella- 
Shigella  agar,  bismuth  sulfite,  and  desoxycholate. 
Selective  media  suppress  growth  of  contaminat- 
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ing  forms,  usually  species  of  nonpathogens,  and 
allow  the  infectious  species  to  survive  and  prolif- 
erate. Differential  agars  such  as  eosin-methylene 
blue,  Endo's,  and  MacConkey'r  employ  the  prin- 
ciple of  color  distinction  between  lactose-positive 
and  lactose-negative  colonies  (nonpathogens  and 
pathogens).  Colors  are  based  on  change  in  pH 
of  an  indicator  dye  when  acids  are  produced 
from  lactose. 

17-10.  Isolated  colonies  on  these  media  'fur- 
nish the  inoculum  for  one  of  the  more  complex 
formulations  such  as  triple  sugar  iron  (TSI).  or 
Kligler's  agar  slants.  Reactions  on  TSI  or 
Kligler's  provide  presumptive  information  on 
which  we  can  base  our  choice  of  fermentation 
and  other  metabolic  tests  to  establish  genus  and 
species  identity.  The  three  color  patterns  illus- 
trated in  foldout  4A,  detail  H,  are  possible  with 
TSI  or  Kligler's  agar: 

•  Acid  (yellow)  reaction  throughout — lactose 
fermentation. 

•  Acid   (yellow)  butt  and   alkaline  (red) 
slant- — glucose  fermentation. 

•  Alkaline  (red)  butt  and  slant — no  sugars 
fermented. 

i  * 

17-11.  In  addition,  gas  formation  is  shown  by 
^bubbles  in  the  medium,  and  H2S  production  is 
evidenced  by  a  blackening  of  the  agar  in  the 
butt  of  the  tube.  TSI  contains  a  third  sugar, 
sucrose,  which,  if  fermented,  points  to  one  of  the 
slow-lactose  fermenters.  A  positive  sucrose  gives 
an  all-yellow  reaction  identical  to  that  of  lactose 
fermentation.  Fold^ts  6,  7,  and  8  depict  sche- 
matically the  subsequent  steps  that  help  us  pin- 
point the  identity  of  an  unknown  Gram-negative 
organism  on  TSI  agar.  We  will  refer  to  these 
'  foldouts  again  in  emphasizing  means  of  separat- 

ing the  individual  genera  of  the  enterics. 

17-12.  Microscopic  morphology  of  the  enteric 
and  closely  related  forms  is  not  particularly  help- 
ful in  identification.  Each  can  appear  as  short, 
plump  rods,  or  coccoids,  or  occasionally  as 
elongated  filaments.  Grouping  occurs  in  clusters 
of  single  cells,  pairs,  and  'short  chains.  Size  dif- 
ference is  not  a  reliable  criterion  -because  aU  of 
the  species  generally  range  from  0.4  to  1-0 
micron  in  width  and  1.0  to  3.0  microns  in  length. 
The  cholera  vibrio  sometimes  proves  to  be  the 
exception  by  growing  in  "comma"  form,  or  as 
curved,  S-shaped,  or  ringlike  cells. 

17-13.  Colony  morphology  is  not  ordinarily 
distinctive  enough  to  enable  us  to  identify  a 
genus  by  sight.  In  fact,  cdfonial  characteristics 
of  somejbf  the.  common  enterics  are  practically 
identicajf  on  representative  selective  &nd  differ- 
ential media.  Foldout  4A,  details  I  and  J,  dem- 
onstrate clearly  the  close  resemblance  of  the  two 
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pathogens,  Shigella  and  Salmonella,  on  EMB  -N 
agar.  Comparison  of  growth  on  Endo  agar  in 
foldout  4A,  detail  K,  and  foldout  4B,  detail  L, 
just  as  effectively  shows  the  dissimilarity  on  dif- 
ferential media  of  lactose-positive  and  lactose- 
negative  enterics. 

17-14.  Despite  the  fact  that  lactose  fermenta- 
tion is  variable  in  many  bacterial  strains,  this 
fermentation  property  is  still  used  as  presumptive 
evidence  for  separating  enterics  into  pathogenic 
and  nonpathogenic  groupings.  Colorless  colonies 
indicate  that  the  organism  is  a  nonlactose  fer- 
menter  and,  therefore,  possibly  pathogenic.  Keep 
in  mind,  though^that  delayed  lactose  fermenta- 
tion will  also  cause  colorlfts  colonies  for  the  first 
24  to  48  hours  of  incubation.  Colored  dblonies 
(and  acid-throughout  reaction  on  TSI)  generally 
indicate  that  the  organism  is  a  lactose  fermenter, 
and,  therefore,  harmless  when  isolated  from 
adults.  Certain  lactose  fermenters  can  neverthe- 
less be  quite  pathogenic  in  infants,  causing  a 
severe  diarrhea. 

17-  15.  The  enterics  grow  well  on  simple 
media.  (Vibrio  cholerae  is  unique  within  the 
group  in  that  this  organism  requires  an  alkaline 
pH.)  The  enterics  are  normally  cultured  ^ero- 
bically,  although  most  of  them  are  also  facultative 
anaerobes.  They  proliferate  at  room  temperature  •  ; 
and  at  37°  C.  Motility  is  somewhat  variable, 
none  produce  spores,  and  capsule  formation  is  an 
inconsistent  trait. 

18.  The  Enterobacteriac*a# 

18-  1.  Referring  again  to  table  15,  we  find  that 
the  family  Enterobacteriaceae  has  four  major  tax- 
onomic  divisions,  each  divided  into  at  least  two 
separate  groups.  We  will  discuss  the  means  of 
distinguishing  these  taxonomic  elements  in  the 
laboratory  aod1  then  take  up  selected  species  of 
the  order  Pseudomonadales  in  comparison. 

18-2.  Shigella-Escherichia  Division.  The  Shi- 
gella-Escherichia division  comprises  two'  recog- 
nized genera,  Shigella  and  Escherichia,  along  with 
a  poorly  defined  group  known  as  Alkalescerts-Dis- 
par  (A-D).  The  A-D  group  was  formerly  in- 
cluded in  the  genus  Shigella  as  Sh.  alkalescerts 
and  Sh.  dispar  although  the  group  is  rarely,  if 
ever,  associated  .with  infections  of  man.  The  A-D 
category  contains  nonmotile  organisms  that  are 
essentially  slow  lactose-fermenting  £.  coli  strains; 
yet  they  possess  tfte  serological  typeability  of  Shi- 
gella species. 

*  18-3.  Table  15  shows  us  that  the  Shigella,  Es- 
cherichia, and  A-D  forms  can  be  segregated  from 
other  enteric  divisions  by  the  IMViC  reactions,  j 
H2S  production,  and  other  simple  tests.  Lactose 
fermentation  (denoted  by  TSI  reaction)  and 
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Boichemical  Reactions  of  B.  COU,  ALKALESCENS-DISPAR,  and  SHIGELLA 
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motility  are  particularly  useful  in  differentiating 
organisms  within  the  division.  Table  16  lists  addi- 
,  tional  biochemical  reactions  that  help  verify  the 
identity  of  taxonomic  elements  within  the  divi- 
sion. Polyvalent  Shigella  antisera  are  available 
against  Shigella  subgroups  A,  B,  C,  and  D.  A 
fifth  antiserum  is  used  for  members  of  the  A-D 
group.  By  using  the  five  antisera  it  is  possible  to 
identify  all  but  a  few  of  the  rarer  shigellas,  as 
well  as  the  cpmmon  representatives  of  the  A-D 
group.  •  — N 

18-4.  Shigellosis,  or  bacillary  dysentary,  is  es- 
sentially an  inflammation  of  the  mucous  mem- 
brane of  the  large  intestine  and  terminal  ileum 
which  can  lead  to  necrosis  and  superficial  ulcera- 
tion. Synxj^oms  usually  occur  within  1  to  2  days 
following  ingestion  of  contaminated  food  or  drink. 
The  intense  irritation  of  the  bowel  is  due  to  the 
release  of  an  endotoxin  during  lysis  of  the  Shi- 
gella celis.  Infections  with  Sh.  dysenteriae,  sero- 


type 1,  are  more  severe  because,  in  addition  to 
the  endotoxin,  an  exotoxin  (neurotoxin)  is  pro- 
duced. Infections  with  exotoxin-producing  strains 
are  relatively  frequent  in  India,  Japan,  China,  and 
other  parts  of  Asia.  Although  some  patients  pass 
organisms  in  the  stools  for  only  a  short  period, 
others  become  chronic  carriers  and  serve  as  a 
reservoir  of  infection. 

18-5.  The  genus  Escherichia  shares  member- 
ship with  the  Shigella  spp.  in  one  of  the  principal 
taxonomic  divisions  shown  in  table  15.  Escheri- 
chia coli  is  probably  the  most  abundant  bacterium 
represented  in  the  normal  intestinal  tract,  with  the 
possible  exception  of  Bacteroides  spp.  E*  coli  and 
other  enteric  saprophytes  can  cause  disease  when 
introduced  into  tissues  outside  the  intestine.  These 
organisms-frequently  invade  the  biliary  or  urinary 
tract,  and  E.  coli  is  one  of  the  most  common 
causes  of  cystitis.  It  has  also  been  isolated  from 
local  infections  such  as  conjunctivitis.  A  number 


Table  17 
Reactions  on  Citiate-Mannitol  Agar 


Organism  Slant  Color  Junction  Color  Butt  Color 


EJ  Coli  Yellow  Blue  Yellow 


Shigella*  '  No  change  No  change  No  change  * 
 v  ,  ,  

Providence  Blue  Blue  No  change 


Salmonella,  m 
Arizona,  and  Blue  Blue  Yellow 

Ci trobaator 


Rarely  a  Shigella  isolate  will  produce  a  yellow  slant  and  butt,  but  none  has  so 
far  produced  a  blue  slant-butt  junction. 
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Tab^e  18 

Group  Differentiation  op  Enterobacteriaceae  by  Biochemical 
Tests  (Reactions  of  Tvwcal  24-Hour  Cultures) 
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♦  »  Reaction,  growth* or  production 
-  *  Nonreactive  or  no  change 

(V  :  Somfspeciei0^  ^r^0"31  ^CiCS  °T  Strains  t0  ""'"'V 
v      some  species  or  strains  positive,  some  negative 


NOTli : 


Citrobaotev  (Baoheriohia  frcvndii) 
includes  Bethesda-Ballerup  group. 
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of  E.  coli  serotypes  have  befen  associated  with 
infant  diarrhea.  This  organism  gains  entrance  to 
the  intcntinal  tract  of  man  shortly  after  birth  and 
remains  there  throughout  life. 

18-6.  The  growth  of  E.  coli  on  differential  en- 
teric media  is  so  characteristic  that  we  usually 
have  no  difficulty. in  recognizing  it.  The  brick  red 
color  on  Endo  agar  (foldout  4B.  detail  L)  and 
the  dark,  metallic  sheen  on  EMB  agar  seen  in 
foldout  4B,  detail  M,  are  generally  typical  of 
lactose-positive  E.  coli.  The  IMViC  reactions, 
negative  H.S,  and  motility  substantiate  the  visual 
observation. 

18-7.  Occasionally,  however,  nonlactose  fer- 
menting strains  of  E.  coli  are  confused  with  Shi- 
gella spp.  and  the  A-D  group.  In  the  absence 
of  diagnostic  antisera.  a  biochemical  test  is 
available  to  identify  E.  coli  specifically.  Sim- 
mon's citrate  agar  and  a  citrate-mannitol  agar  are 
used  in  combination.  A  small  loopful  of  the  un- 
known is  stabbed  and  streaked  to  a  slant  of  citrate- 
mannitol  agar.  Without  flaming  the  loop,  a  slant 
of  Simmon's  citrate  agar  is  surface-streaked  with 
the  same  inoculum.  An  alkaline  reaction  (blue) 
appearina-4-n  24  to  48  hours  at  the  junction  of 
the -ScTa'slant  and  acid  btftt  of  the  citrate-manni- 
tol agar  (together  with  no  growth  on  the  Sim- 
mons citrate  agar  slant  within  the  same  incuba- 
tion time)  is  diagnostic  of  E.  coli.  Table  17  shows 
typical  24-hour  reactions  on  citrate-nfannitol 
agar. 

1 S-8.  E.  coli  is  ordinarily  unable  to  utilize 
citrate  as  a  sole  source  of  energy,  but  it  can 
break  down  mannitol.  In  this  procedure  the  en- 
erey  obtained  from  mannitol  in  citrate-mannitol 
agar  enables  the  organism  to  attack  the  sodium 
cftrate  present  in  the  medium.  The  positive 
(blue)  reaction  shown  in  table  17  results  from  a 
pH  change  to  alkaline  when  the  sodium  is  re- 
leased to  form  sodium  carbonate.  Shigella  spe- 
cies and  members  of  the  A-D  group  are  unable  to 
accomplisH$Pfris  reaction. 

18-9.  Salmonella-Arizona-Citrobacter  Division- 
These  organisms  can  be  separated  taxonomically 
from  iheShigella-Escherichia  division  on  the  basis 
of  IMViC  reactions  and  hydrogen  sulficfTproduc- 
tion  as  seen  in  table  15.  Differentiation  of  Sal- 
monella-Arizona-Citrobacter  strains  from  the 
<  Klebsiella- Aerobacter-Serratia  division  rests  on  the 
MR-VT  test.jand  to  some  extent  on  H5  produc- 
tion and  growth  in  KCN  broth.  Separation  from 
the  Proteus-Providence  division  is  based  mainly 
on  the  results  of  the  urease  and  phenylalanine 
deaminase  procedures.  A  more  detailed  compari- 
son of  biochemical  reactions  within  the  enterics 
is  provided  in  table  18.  This  table  will  be  useful 
as  we  point  out  distinctions  between  genera  within 
a  given  taxonomic  division. 


^18-10.  All  Salmonella  spp.,are  potential  patho- 
gens. They  produce  such  diseases  as  typhoid  and 
the  other  enteric  fevers,  septicemia,  and  gastro- 
enteritis. These  infections  originate*  from  the  in- 
gestion of  contaminated  food  or  drink.  Many  such 
conditions  arc  brought  about  as  a  result  of  food 
or  beverages  being  contaminated  by  "carriers." 
i.e.,  persons  who  harbor  the  pathogens  without 
showing  clinical  symptoms  of  disease.  The  detec- 
tion of  carriers  is  as  important  as  the  confirma- 
tion of  suspected  clinical  cases.  You  may  recall 
that  Typhoid  Mary,  the  historically  notorious  car- 
rier, was  implicated  in  the  ^direct  transmission  of 
typhoid  fever  to  approximately  1,300  persons. 
She  was  reportedly  responsible  for  at  least  seven 
epidemics  of  the  disease. 

18-11.  Salmonella  typhi  (typhosa)  is  the  or- 
ganism responsible  for  typhoid,  while  S.  para- 
typhi A,  S.  paratyphi  Bt  S.  paratyphi  C,  and  S. 
sendai  arc  most  often  encountered  in  paratyphoid 
fever.  S.  paratyphi  A  and  S.  paratyphi  C  are 
only  occasionally  found  in  the  United  States.  5. 
sendai  is  isolated  primarily  ih  the  Orient.  In 
entci"ic  fevers,  the  pathogens  invade  the  small  in- 
testine, spread  through  the  intestinal  lymphatics  to 
the  thoracic  duct  and  enter  the  bloodstream.  The 
resultant  bacteremia  distributes  the  infection  to 
many  organs,  including  the  kidney,  liver,  and  gall- 
bladder. Blood  cultures  are  usually  positive  only 
during  the  first  and  second  week  of  infection. 

18-12.  Of  the  many  Salmonella  spp.  that  pro- 
duce acute  gastroenteritis  in  man,  5.  iyphimurium 
is  the  most  frequently  incriminated.  S.  enteridi- 
tis  is  possibly  the  second  most  common  cause. 
Both  of  these  agents  can  be  spread  by  rodents  in 
their  feces.  S.  cholera-suis  has>  also  been  impli- 
cated in  gastroenteritis  but  to  a  lesser  extent. 
Symptoms  of  gastroenteritis  result  from  the  irri- 
tating action  of  acids  and  bacterial  endotoxin 
upon  the  patient's  intestinal  mucosa.  The  acids 
are  formed  through  fermentation  of  carbohydrates 
by  the  pathogen.  Endotoxins  are  released  during 
cellular  lysis  of  bacteria.  Outbreaks  of  gastroen- 
teritis, often  referred  to  ^  "food  poisoning,"  are 
usually  linked' to  the  consumption  of  certain  foods 
that  serve  as  good  bacterial  culture  media.  Dis- 
ease usually  originates  from  food  contamination 
by  rodents,  unsuspected  subclinical  cases,  or 
healthy  carriers  who  harbor  the  organisms  in  their 
intestine,  gallbladder,  or  urinary  tract. 

18-13.  Organisms  of  the  genus  Arizona,  first 
described  in  1939,  are  related  serologically  to  the 
salmonellas.  Isqlated  mostly  from  reptiles,  they 
are  being  found  with  increasing  frequency  in 
man.  The  genus  has  but  one  well-defined  spe- 
cies, Arizona  arizonge,  which  has  been  isolat^g 
from  cases  of  acute  diarrhea  and  gastroenteritis 
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Figure  18.   Salmonella  species.  Culture  on 
desoxycholate  ^gar. 

arising  from  contaminated  food.  Organisms  of 
this  genus  are  similar  to  the  salmonellas  morpho- 
logically, serologically,  and  biochemically,  Except' 
that  -  Arizdna  strains  generally  ferment  lactose 
slowly,  whereas v  Salmonella  species  are  lactose^ 
negative.  Arizona  does  not  ferment  dulcitol. 
Fermentation  studies  with  lactose  and  dulcitol 
generally  differentiate  the  two  genera.  The  typi- 
cal lactose-negative  colonies  of  Salmonella  are 
shown  in  figure  18. 

18-14.  The  Citrobacter  group,  which  closely  re- 
semble? the  Salmonella  arid  Arizona  organisms,  ° 
includes  strains  of  Paracolobactrum  intermedium, 
commonly  referred  to  as  the  Bethesda-Ballerup 
group.  Citrobacter  is  lactose-positive  like  E.  coli; 
but  unlike  the  coliforms,  Citrobacter  grows  on 
citrate  and  produces  H£,  as  table  18  indicates. 
Generally  speaking,  the  Bethesda-Ballerup  group 
consists  of  slow-lactose  fermenting  strains  of  Cit- 
robacter. Identification  of  these  organisms  fol- 
lows the  scheme  used  for  Citrobacter  in*  conjunc- 
tion with  serological  typing.  Bethesda-Ballerup 
polyvalent  typing  serum  is  available  for  this  pur- 
pose. Citrobacter  and  Bethesda-Ballemp  have 
been  suspected  as  the  etiologic  agents  of  enteric 
diseases,  but  their  role  in  producing  pathological 
states  has  not  been  precisely  determined. 

18-15.  The  Salmonella-Arizona-Citrobacter  di- 
vision contains  one  other  group,  the  so-called  Bar- 
tholemew  organisms,  which  since  1965  have  been 
placed  under  the  genus  Edwardsiella.  The  prin- 
cipal species,  Edwardsiella  tarda,  has  been  iso- 
lated from  stools,  blood,  and  urine,  as  well  as 
from  contaminated  water  supplies.  Many  of  its 
biochemical  reactions,  ftS  production  and  lac- 
tose fermentation  excepted,  coincide  with  those 
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of  E.  colL  At  the  same  time,  indole  production 
and  inability  to  use  citrate  are  the  biochemical 
features  in  table  18  that  distinguish  Edwardsiella 
from  the  salmonellas  and  Arizona. 

18-16*  In  laboratory  'practice  the  bacteriologist 
ordinarily  follows  a  sequence  erf  procedures  such 
as  those  depicted  in  foldouts  6  and  7  to  separate 
members  of  the  Salmonella-Arizona-Citrobacter 
division.  His  starting  point  is  the  TSI  reaction 
because  lactose  fermentation,  positive  or  nega- 
tive, dictates  which  pattern  of  biochemical  tests 
he  will  subsequently  Employ.  Even  so,  the  re- 
sults are  not  always  clear-cut  and  straightforward. 
Regard  one  of -the  slow  lactose  fermenters,  Ari- 
zona, as  an  example.  If  the  culture  is  read  at 
24  houfs,  the  alkaline  slant  and  acid  butt  will 
probably  be  seen  on  TSI  (foldout  7)  because 
lactose  has  not  yet  been  broken  down.  Urease 
production,  citrate,  motility,  indole,  and  xylose 
determinations  are  required  to  make  the  several 
necessaryiiistinctions  among  the  species  of  Sal- 
~%onellat  ffie  Bethesda-Ballerup  group,  and  others. 
If  the  TSI  slant  is  read  at  48  hours,  the  TSI  re- 
action will  probably  be  acid-throughout  (foldout 
6).   In  this  case  Arizona  can  be  distinguished 
from  Citrobacter,  £.  coli,  and  related  organisms 
by  H^S  and  urease  production  and  growth  in  KCN 
broth.  j"s 

v  18-17.  Klebsiella-Enterobacter-Serraria  Disi- 
sion.t  Table  lS^sftows  us  that  this  taxonomic  divi- 
sion differs  from  the  other  divisions  of  the  en- 
terics by  the  IMViC  pattern,  coupled  with 
growth  in  the  presence  o(.KCN.  Delayed  produc- 
tion of  urease  and  H,,S  is  also  characteristic  of 
some  strains.  Since  members  of  this  division  are 
lactose  fermenters,  scrutiny  of  table  18"  shows 
that  only  the  positive  KCN  reaction  with  Citro- 
bacter and  certain  Proteus  strains— also  lactose- 
positive— leaves  room  for  discrepancies  in  identi- 
fication, H..S  formation  and  production  of 
phenylalanine  deaminase  will  resolve  then'ssue. 

18-18.  The  genus  Klebsiella  has  three  species: 
Klebsiella  pneumoniae,  Klebsiella  ozaenae,  and 
Klebsiella  rhino-scleromctks.  Of  these  species,  K 
pneumoniae  (Friedlander's  bacillus)  is  most 
often  encountered  in  the  laboratory.  It  can  be  iso- 
lated from  the  upper  respiratcfr  and  intestinal 
tract  of  about  5  percent  of  ndrmal  individuals. 
It  is  said  to  be  responsible  for  approximately  2 
percent  of  the  bacterial  pneumonias.  The  or- 
ganism is  found  as  a  secondary  invader  in  such 
diseases  as  bronchiectasis,  tubercirto^isSfifluenza, 
pleurisy,^ and  pyelonephritis.  K.  ozaenae  can  be 
isolated  in  nasal  conditions  such  as  ozena  and 
atrophic  rhinitis.  K.  rhigfcscleromatis  occurs  in 
nasal  secretions  from  rhinoscleroma. 

18-19.  There  is  a  disagreement  among  bacter- 
iologists as  to  the  exact  classification  of  Klebsiella 

23:) 


r. 


( 


and  Aerobacter  species.  Many  authorities  no 
longer  recognize  the  genus  Aerobacter  and  con- 
sider its  nonmotile  strains  to  be  Klebsiella  pneu- 
moniqg.  The  motile  strains  of  Aerobacter  are 
now  classified  in  the  genus  Enterobacter.  The 
Hajnia  group  is  in  reality  a  subgroup  of  Entero- 
bacter with  certain  temperature-dependent  varia- 
tions in  IMViC  biochemical  properties  seen  in 
table  18. 

18-20.  The  genus  Serratia  is  exemplified  by 
Serraria  marcescens,  a  saprophyte  generally  found 
in  soil,  water,  milk,  and  food..  Serratia  has  been 
implicated  in  epidemics  within  hospitals  in  much 
the  same  manner  as  hospital  staphylococci.  Burn 
cases  are  particularly  susceptible  to  the  organism. 
Serratia  can  also  be  a  secondary  invader  in  cer- 
tain types  of  lung  disease.  Unlike  the  other  en- 
teric forms,  colonies  on  agar  are  generally  circular,  # 
thin,  smooth,  or  rough,  occasionally  mucoid,  and 
often  pigmented  (red,  pink,  magenta).  In  broth 
cultures  growth  may  form  a  red  ring  at  the  sur- 
face, or  a  pigmented  pellicle. 

18-21.  Klebsiella  and  Enterobacter  ferment 
lactose  to  yield  an  entirely  acid  (yellow)  reac-  N 
tion  on  TSI.  While  Serratia  and  Hajnia  are  late  or 
irregularly  positive  lactose  fermenters,  their  posi- 
tive sucrose  reaction  will  also  cause  TSI  to  appe^K, 
acid  throughout.  In  'foldout  6  we  find  that  HsS 
production,  methyl  red  and  indole  tests,  motility, 
and  urease  production  serve  to  differentiate  those 
four  groups.  If  variations  in  reactions  occur,  the 


fermentations  shown  in  table  19  are  useful  in 
establishing  id&ptity. 

18-22.  Proteus-Providence  Division.  The  genus 
Proteus  contains  highly  motile  bacteria  known 
for  theif  ability  to  decompose"  urea  rapidly  and  to 
deaminate  phenylalanine  to  phenylpyruvic  acid. 
Lactose  is  not  fermented,  although  sucrose-posi- 
tive strains  give  an  acid  slant  and  butt  in  TSI 
agar.  Of  the  four  species  listed  in  table  18,  two 
species,  P.  vulgaris^  and  P.  mirabilis,  produce 
HoS  rapidly  and  abundantly,  liquefy  gelatin,  and 
swarm  on  moist  agar  media.  The  other  species, 
P.  morganii  and  P.  rettgeri,  lack  these  charac- 
teristics. Swarming  is  a  result  of  active  motility. 
It  can  be  curtailed  by  using  media  lacking  in 
sodium  chloride,  or  media  with  a  6  percent  agar 
content,  or  by  adding  0.1  percent  chloral  hydrate 
to  a  medium.  Foldout  4B, -detail  N,  shows  the 
different  in  appearance  between  discrete  Proteus 
colonies  and  swarming  colonies.  In  some  in- 
stances swarming  species  spread  progressively  as  a 
surface  film  over  the  entire  plate, 

18-23.  Although  the  four  species  of  Proteus  are 
primarily  free-living  organisms  in  water,  soil,  and 
sewage,  they  are  frequently  isolated  from  fecal 
specimens  of  normal  individuals.  P.  morganii  is 
responsible  for  cases  of  "summer  diarrhea"  in  in- 
fants and  children,  Proteus  spp.  cause  human 
infections  when  introduced  into  tissues  other  than 
th£  normal  intestinal  tract.  In  this  connection, 
Proteus  ranks  next  to  E.  coli  as  the  etiological 
agent  of  cystitis^  The  organisms  are  encountered 


TArftE  19 

Differentiation  of  SERRAm-KLEBSiELLA,rENTEROBACTER-HAFNU 
by  Biochemical  Means 


Serratia 

Ktebaie I  la 

Enterobacter 

Hafnia 

Glycerol  (gas) 

+ 

+ 

Glucose  (gas) 
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+ 

+ 

+ 

Gelatin 

L 

+ 

Sorbitol   ^      i  + 

+ 

+ 

Lys  ine 

+ 

+ 

+ 

Ornithine 

 1 

+ 

+ 

 :  ^0  

+ 

Arginine 

+ 

Motility 

+ 

+ 

+ 

Pigment  (25°C)* 

4. 

*At   25  C.  pigment  is  usually  red. 
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Table  20 

Biochemical  Reactions  on  Sellers'  Differential  Agar 


Gl*CLTTl~  N  QQ  ctii'Li}  &    f)  Y*nnyt4  mm 

Band 

o  la  « t 

7a  s  .V2  v 

A  Icq.  1 ias  nes   far*al  4 r 

IAJ.KJ 

Pstf udomonas  aei*uginooa 

(Alk) 

.  (Alk) 

Herellea  vaginicola 

A 

Alk 

Mima  po  lymorpha            1  * 

K 

Alk 

KEY: 

NOTE: 

* — 1 

A  ■  Acid  reaction,  yellow  color 

Alk  »  Alkaline  reaction,  blue  color 

♦  *  Production 

—  *  No  reaction,  no  change 
()  *  Usual  reaction,  occasional  strains 
to  contrary 


frequently  in  eye  and  ear  infections  and  occa- 
sionally in  pleurisy,  peritonitis,  and  suppurative 
abscesses  in  many  areas  of  the  body.  Proteus  spp. 
are  commonly  associated  with  other  bacteria  in 
purulent  wounds  and  may  contribire  to  the  se- 
verity of  such  infections. 

18-24.  The  Providence  group  closely  nesembles 
the  genus  Proteus,  but  the  latter  organisms  split 
urea,  whereas  the  Providence  group  does  not 
(see  table  18).  Providence  is  known  as  Proteus 
inconstans  in  the  7th  edition  of  Bergey's  Manual. 
Providence  organisms  are  isolated  from  the  same 
clinical  sources  as  Proteus  and  can  produce  the 
same  type  of  disease  states,  including  gastroen- 
teritis. 

18-25.  In  table  18  the  key  to  distinguishing  the 
Proteus-Providence  division  from  other  enterics 
lies  in  urease  and  phenylalanine  deaminase  pro- 
duction. The  Proteus  spp.  are  phenylalanine 
deaminase-positive  and  urea-positive.  The  Prov- 
idence organisms  are  urea-negative  but  closely 
resemble  Proteus  in  all  other  respects.  The  rapid 
decomposition  of  urea  to  ammonia  (1  to  4  hours) 
yields  a  highly  alkaline  environment  which  can 
be  detected  with  a  pH  indicator  dye.  We  see  in 
foldout  4B»  detail  O,  the  distinctive  positive 
reaction  of  Proteus, 

18-26.  We  noted  above  that,s<5hie  strains  of 
Proteus  and  Providence  ferment  sucrose,  thus  giv- 
ing an  acid  slant  in  TSI  agar.  Identity  of  these 
strains  can  be  worked  out  according  to  the  steps 


Sellers  agar  is  green  when  prepared 
sterile,  pH  6.7. 

N2  gas  is  manifested  by  bubbles  in 
condensate  and/or  cracked  agar. 

P .aeruginosa  is  distinguished  by 
U-V  fluorescence  ,  of  slant,  pro- 
teolytic activity,  and  nitrate 
reduction.  / 


H.vaginiao la  oxidize 
the  yellow  band. 


glucose,  forming 


in  foldout  6.  Ordinarily,  however,  glucose  fer- 
mentation (and  negative  sucrose  and  lactose  re- 
actions) result  in  the  typical  alkaline  slant  and 
acid  butt  which  provide  the  basis  for  steps  out- 
Jinegjn  foldout  7. 

18-27.  The  Proteus  forms  possess  a  number  of 
O  (somatic)  and  H  (flagellar)  antigens.  The 
X-19,  X-2,  and  X-K  strains  contain  a  distinctive 
O  antigen  that  is  useful  in  diagnosing  certain  un- 
related diseases  serologically.  For  example,  cells 
of  the  X-19  strain  react  with  the  serum  of  pa- 
tients suffering  from  typhus  fever.  This  phenome- 
non is  called  the  Weil-Felix  reaction.  It  stems 
from  the  fact  that  Proteus  X-19  and  Rickettsia 
prowazeki,  the  agent  of  typhus,  have  *an  antigen 
so  nearly,  identical  that  antibodies  formed  against 
the  rurfclttsia  also  react  with  Proteus  cells  to  give 
an  observable  agglutination  in  the  test  tutyc. 

18-28.  Cross-reactions  are  possible  between  the 
O  antigens  of  the  morphologically  similar  Proteus, 
Salmonella,  and  EscheriStia  spp.  So,  serological 
grouping  cannot  be  relied  upon  exclusively  to  dis- 
tinguish among  these  genera. 


19.  Related  Gram-Negative  Bacilli 

19-1.  In  addition  to  the  organisms  thatT52k£ 
up  the  enterics,  there  is  a  fairly  large  group  of 
Gram-negative,  strictly  aerobic,  usually  saprophy- 
tic bacilli  in  stool  specimens.  Many  of  these 
appear  during  the  routine  search  for  pathogenic 
enteric  forms.  Taxoncfmically,  they  fall  within  the 
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following  three  families:  Achromobaqteraceac, 
Pscudomonadaceae,  and  Spirillaceae. 

19-2.  Organisms  of  the  family  Achromobac- 
tcraccae  arc  grouped  together  because  they  attack 
glucose  acrobically  or  not.  at  all.  We  have  al- 

-  ready  learned  that  the  Enterobactcriaceae  ferment 
glucose  anacrobically  as  well  as  acrobically.  The 
7th  edition  of  Bergeyx  Manual  lists  five  different 
genera  in  the  family  Achromobacteraccac,  but  we 
wilJ  concern  ourselves  with  only  one,  Alcaligeties. 
And  although  there  are  at  least  six  different 

r  species  in  this  genus,  we  will  describe  only  Al- 
caligenes fecalis  as  being  typjcal  dfxthe  others. 
This  microorganism  is  generally  consid^ed  to  be 
saprophytic,  but  on  occasion  it  has  be£n  asso- 
ciated with  various  diseases  of  the  blood\liver, 
lymph  nodes,  eyes,  and  kidneys,  as  well  as\ en- 
teritis. It  is  frequently  isolated  from  the  feces 

19-3.  Alcaligenes  Fecalis.  This  microbe  dties 
not  ferment  the  usual  carbohydrates,  nor  giv\ 
positive  reactions  in  the  other  conventional  bio-\ 
chemical  tests.  Citrate  is  utilized  as  a  source  of 
energy,  however.  The  organisms  are  generally 
motilo.  Microscopic  andy£olonial  morphology 
strongly  resembles  that  of  the  Salmonella.  The 
absence  of  carbohydrate  fermentation  on  TSI  agar 
(no  color  change  in  butt  or  slant)  is  a  tipoff  to 
the  presence  of  Alcaligenes  fecalis.  although  Pseu- 
domonas  can  give  the  same  reaction  on  TSI,  cit- 
rate agar,  aad  the  motility  test.  The  pattern  of 
reactions  shown  in  foldout  8  will  assist  in  dif- 
ferentiation. Clear  distinction  among  the  mor- 
phologically similar  Alcaligenes,  Pseudomonas, 
Herellea,  and  Mima  species  can  usually  be  found 
by  inoculating  the  isolate  to  Sellers'  agar  to  obtain 
the  reactions  presented  in  table  20. 

like  members  of  the  Family  Pseudomonadaceae 
that  attack  glucose  aerobically  and  which  usually 
prodtice  a  water-soluble  pigment  (blue,  green,  or 
brown;  rarely  rose,  lilac,  and  yellow)  are  classi- 
fied in  the  genus  Psudomonas.  It  is  the  most 
important  genus  within  the  family  and  contains 
organisms  clearly  recognized  as  pathogens.  This 
genus  comprises  30-odd  species  of  Gram-nega- 
tive, strictly  aerobic,  usually  saprophytic  bacilli. 
For  the  most  part  they  are  found  in  the  soil, 
water,  or  decomposing  organic  material.  All  spe- 
cies produce  a  water-soluble  pigment. 

19-5.  Only  two  Pseudomonas  species  are  gen- 
erally considered  to  be  pathogenic  for  man: 
Psuedomonas  aeruginosa  and  Pseudomonas  pseu- 
domallei.  Although  the  remainder  are  not  infec- 
tious, they  are  important  in  food  spoilage,  e.g., 
milk  and  seafoods,  when  these  products  are 
stored  at  low  temperatures.  Ps.  pseudomallei 
("false  glanders")  causes  a  comparatively  rare 
disease,  melioidosis,  in  man.  Found  primarily  in 


natural  waters  of  India  and  the  Southeast  Asianp 
countries,  the  bacillus  has  been  isolated  from  tM 
bloodstream  and  tissue  *  lesions  of  man,  rats? 
guinea  pigs,  rabbits,  and  certain  of  the  larger 
domestic  animals.  It  grows  out  on  simple  labora- 
tory media,  producing  a  yellow,  creamy  colony., 

19-6.  Ps.  aeruginosa  is  often  present  in  the 
normal  intestinal  tract,  but  in  other  parts  of  the 
body  it  can  produce  severe  infections.  Infections 
of  the  ear  (otitis  externa,  otitis  media)  and  mas- 
toiditis are  often  due  to  this  organism.  It  may 
infect  surgical  wounds  and  burns,  causing  the 
formation  of  a  characteristic  blue^green  pus.  In- 
fection of  the  eyes  and  urinary  tract  also  occurs. 
The  organism  has  been  responsible  for  peritoneal 
abscesses,  septicemia,  endocarditis,  and  meningi- 
tis. It  sometimes  invades  the  tissues  of  .debili- 
tated adults  *  or  infants.  Antibiotic  resistant 
strains  are  second  only  to  the  staphylococci  in* 
causing  hospital  infections. 

19-7.  Pseudomonas  aeruginosa  follows  the  fer- 
mentation pattern  we  saw  with  Alcaligenes  fecalis. 
The  identification  steps  charted  in  foldout  8  can 
be  used  for  differentiation,  and  Sellers'  agar  re- 
actions (table  20)  are  also  helpful.  Perhaps  the 
most  striking  feature  of  Ps.  aeruginosa  is  its  abil- 
ity to  produce  a  blue  or  blue-green  pigment.  This 
pigment  does  not  color  the  colony,  but  readily 
diffuses  throughout  the  surrounding  medium,  as 
seen  in  foldout  4B,  detail  P.  There  are  twp  pig- 
ments— one  is  soluble  in  chloroform,  the  other  in 
water.  IrJbFoth  media  a  blue-green  pigment  is  usu- 
ally visible  at  the  surface,  but  sometimes  the  pig- 
ment diffuses  throughout  the  broth.  If  color  is  not 
visible,  aerating  the  broth  by  gentle  shaking  will 
bring  out  the  color.  A  sweet,  aromatic  odor  can 
usually  be  detected  in  growing  Pseudomonas  cul- 
tures. 

19-8.  Vibrio  Cholerae.  The  family  Spirillaceae 
contains  two  genera  of  medical  interest — the  spiral 
forms  in  th£  genus  Spirillum  and  the  Ciirved  rods 
(comma  shapes)  of  the  genus  Vibrio.  Spirillum 
minus,  the  causative  agent  of  one  form  of  "rat 
bite  fever,"  will  be  discussed  with  the  morpholo- 
gically similar  spirochetes  in  a  later  chapter'.  The  * 
vibrios  comprise  abdut  34  species,  of  which  only 
Vibrio  cholerae  (V.  comma)  holds  clinical  sig- 
nificance. It  causes  cholera  in  man. 

19-9.  The  cholera  vibrios  remain  confined  to 
the  intestinal  tract,  where  they  multiply  rapidly 
and  release  an  endotoxin  upon  lysis  of  the  bac- 
terial cells.  The  endotoxin  is  extremely  irritating 
to  the  intestinal  mucosa.  This  causes  vomiting 
and  profuse  diarrhea  (rice  water  stools),  resulting 
in  severe  dehydration,  anuria,  hypochloremia, 
acidosis,  and  circulatory  failure.  The  mortality 
rate  ranges  between  30  and  50  percent  in  <un- 
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Table  21 

Cultural  Characteristics  of  Vivrio  Cholera 


Motil ity 


Cholera -red  reaction 


Carbohydrate  fermen- 
tation (acid,  no 


I'os  it  i  \  e 


Positivo 


iUucohv ,  galactose .maltose « 
sucrose,  and  mannitol- 
positUc  in  I  to  3  4a>*s» 
Lactose  and  dulci tul -negat tvu 


Hemolysis  i  tube  method) 

Nonhemolytic 

T 

iKdrogen  sulfide  pro- 
duction 

'.w-lutiti  liquefaction 

Po> 1 1  i  v  v  13  to  :4  hours . 

treated  cases.  Cholera  is  transmitted  from  in- 
fected individuals  or  convalescing  carriers  through 
contaminated  food  and  water.  { 

19-10.  Stool  specimens  for  Vibrio  cholerae . 
should  be  collected  within  the  first  24  hours  of  the 
disease.  Rectal  swabs  may  be  used  if  obtained 
during  the  acute  phase  of  the  illness.  Swabs  can- 
not be  relied  upon  during  the  convalescent  phase. 
Specimens  collected  during  convalescense  can  be 
used  if  obtained  by  purging,  although  this  does 
not  be  relied  upon  during  the  convalescent  phase. 
Specimens  collected  during  convalescense  can  be 
used  if  obtained  by  purging,  although  this  does 
not  yield  100  percent  recovery  of  the  vibrio.  Fe- 
cal material,  or  preferably  mucus  flecks  exhibit- 
ing vibrios  in  Gram  stained  smears,  are  picked 
with  a  wire  loop  and  streaked  on  plates  of  blood 
agar,  nutrient  agar,  and  MacConkey's  agar.  In 
addition,  particulate  matter  or  a  few  drops  of 
stool  should  be  inoculated  to  a  tube  of  1.0  per- 
cent peptone  Vater.  Gohar  broth  may  also  be 
used  to  ^|pd  advantage  since  the  medium  is  in- 
hibitory to  Gram-negative  organisms  other  than 
V.  cholerae. 


round,  slightly  convex,  translucent,  grayish-yeljow,  - 
smooth,  and  granular  in  transmitted  light.  On 
blood  agar  the  colonies  are  usually  1  to  2  mm. 
in  diameter  and  exhibit  a  greenish  zode.  On  Mac- 
Conkey's agar  the  colonies  arte  usually  smaller  and 
colorless.  Growth  of  V.  cholerae  is  more  rapid 
(6  to  8, hours)  in^oeptone  water, than  is  growth 
of  other  enteric  bacilh.  It  is  observed jg  a  surface 
pellicle.  Smears  of  the  primary  growth  (colonies 
or  pellicle)  will  reveal  distinctly  curved,  Gram- 
negative  rods  ugth  rounded  ends.  In  most  in- 
stances one  end  of  a  rod  will  appear  more  blunt 
than  the  other.  This  gives  the  organisms  the 
shape  of  a  "comma."  The  cells  may  be  arranged 
singly,  in  S-shaped  pairs,  or  rarely  in  short, 
spiralled  chains.  At  this  point  it  may  be  neces- 
sary to  subculture  the  pellicle  from  peptone  water 
to  blood,  nutrient,  and  MacContey  agafs  when 
growth  is  not  found  on  the  primary  streak  plates. 

19-12.  Table  21  shows  some  of  the  more  im- 
portant cultural  characteristics  of  V.  cholerae.  In 
addition,  the  use  of  TSI  and  Lysine  Iron  agar  is 
recommended  to  distinguish  the  vibrio  from  sap- 
rophytes giving  similar  cultural  patterns.  Table 
22  provides  an  example  of  V.  cholerae  and  Aero- 
monas  hydrophilia,  a  harmless  form. 

19-13.  The  cholera-red  reaction  npted  in  table 
21,  if  positive,  is  presun^ptive  evidence  of  the 
cholera  vibrio.  Inoculate  1  percent  trypotophan 
broth  containing  0.001  perceht  potassium  nitrate 
(final  pH  7.8  to  8.0).  After  24  hours  incubation, 
add  a  few  drops  of  commercial  grade  sulfuric  atid.^ 
If  indole  is  produced  and  nitrates  are  reduced,  a 
deep  rose  color  will  develop  rather  quickly.  This 
is  the  "cholera-red"  reaction. 

19-14.  The  hemolysin  test  is  accomplished  by 
mixing,  0.2  ml.  of  a  5  percent  saline  suspension 
of  washed  sheep  erythrocytes  with  an  equal  quan- 
tity of  24-hour  broth  culture  of  the  vibrifr  under 
investigation.  Incubate  for  2  hours  a£p7  C, 
refrigerate   overnight,   and   then  examine  for 
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Table  22 

Reaction  Comparisons  of  TSI,  KIA,  and  LIA  Agar 


r 
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KIA 

LIA 

Slant 

Alk 

Alk 

Alk 

V.  cholerae 

Butt 

Acid 

Acid 

Alk 

H2S 

Neg 

Neg 

Neg 

m 

Slant 

Alk 

Alk 

Alk 

A.  hydrovhila 

Butt 

Acid 

Acid 

Acid 

^  H2S 

Neg 

Neg 

Neg 
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hemolysis,  Vibrio  cholerae  is  v  nonhemolytic. 
Other  vibrios  are  hemolytic.  Although  colonie$  of 
V.  cholerae  exhibit  zones  of  greenish  discolora- 
tion on  blood  agar,  this  is  due  to  a  hemadiges- 
tive  process  rather  than  to  excretion  of  a  true  * 
hemolysin. 

19-15.  Bjochemical  tests  and  morphological 


studies  are  usually  supplemented  by  serological 
procedures  to  establish  identification;  Both  poly- 
valent and  specific  antisera  are  available  for  slide 
agglutination  tests,  For  epidemiological  purposes 
thesfe  antisera  as  well  as  bacteriophages  can  be 
employed  to  pinpoint  the  strain  or  "type"  of  vibrio 
causing  an  outbreak  of  cholera. 


in* 


CHAPTER    5  f 


1  0  THE  ACID-FAST  BACILLI 

The  term  "acid-fast"  refers  to  a  staining  characteristic  shown  by  certain  micro-, 
organisms  and  not  to  a  specific  taxonomic  designation.    We  learned  in  Volume  1 
that  bacilli  whose  cell  walls  contain  large  concentrations  of  fatty  material 
resist  penetration  of  the  aniline  dyes  used  in  the  Gram  stain.    To  stain/these 
organisms  we  must  use  special  techniques  CZiehl-Neelsen,  Kinyoun)  to  drive  .a 
dye  into  the  cell  wall  by  heat  or  chemical  means.*,  The  dye  cannot  then  be  easily  N 
removed  by  conventional  decolorizers  containing  strong  acid:.    For  that  reason, 
the  bacteria  are  said  to  be  "acid-fast." 

2.  All  of  the  acid-fast  bacilli  fall  within  the  order  actinomycetales,  a  group 
of  Gram-positive  rods;  that  lie  morphologically  between  the  true  bacteria  and 
the  filamentous  fungi.    Two  families  of  the  order"  are  important  from  the  clinical 
standpoint,  but  only  three  genera  contain  pathogens: 

Order  V.  Actinomycetales 
4  Family  I.  Mycobacteriaceae 

Genus  I.  Mycobacterium 
Family  II*  Actinomycetaceae 
%  Genus  I.  Nocardia  ^ 

j  Genus  II.  Actinomyces 

3.  Most  acid— fast  species/belong  to  tlie  genus  Mycobacterium,  which  claims  such 
renowned  pathogens  as  the  tubercle  bacilli  and  the  causative  agent  of  leprosy.  ^ 
This  chapter  will  be  devoted  almost  exclusively  to  the  mycobacteria.     In  passing  > 
we  need  only  to  tnot§^me  or  two  points  with  respect  to  genera  of  the  family     '  0  ' 
Actinomycetaceae.    Members  of  the  genus  Nocardia  are  aerobic  bacilli,  some 

weakly  acid-fast,  that  grow  well  on  common  laboratory  media.    The  pathogenic 
species  are  N.  farcinica  and  N.  asteroides.    The  first  is  associated  with  a 
chronic  tuberculosislike  disease  of  cattle.    N.  asteroides  has  been  isolated 
from  absesses  in  man,  ancHttv^lso  cau^ps  conditions  resembling,  pulmonary 
tuberculosis.  . 

4.  There  are  two  species  of  the  anaerobic  (but  non— acid— fast)  genus  , 
Actinomyces  of  general  interest.    A.  bovis  can  be  found  in  lesions  of  cattle 
and  hogs,  and  the  disease  "lumpy  jaw'^  draws  its  descriptive  name  from  the  type 
of  swollen  tissue  produced  by  the  infection.    A.  israelii,  whosre  habitat  is 
the  human  mouth  and  tonsillar  crypts,  has  been  implicated  in  tumorlike 
processes  in  various  parts  of  the  body.    The  pathoglg^c  actinomycetes  (Nocardia 
and  Actinomyces)  are  recognized ^morphologically  in  the  laboratory  as  Gram- 

• positive,  sometimes  partially  acrd-fast  rods  with  beaded -and  branching  shapes. 
Rapid  growth  on  ordinary'  cultiire  media  distinguishes  them  from  the  tubercle  * 
bacilli.  -       .f-     *"         *  "  •    .    .  * 

20.    The  Agents  of  Leprosy  and  Tuberculosis  *  g  + 


20-1.    Leprosy  is  an  ancient  disease  that  was  well  known  as  early  as  1400  >BC.  • 
It  still  occurs  in  certain  Asiatic  countries,  in  South  America,  and  to  a  limited 
extent  in  the  Southern  United  States. 


Mycobacterium  leprae,  also  referred  to  as  Hansen's  bacillus,  was  discovered 
in  1878.    The  organism  spreads  mainly  by  personal  contact,  but  exposure  over 
a  period  of  years  seems  to  be  necessary  .for  infection  to  take  place.    Details  * 
of  the^  actual  mechanism  of  transmission  are  still  lacking.^^ 

20-2.    The  adid-fast  bacilli  of  leprosy  are  found  in  latgf  numbers  in  the 
nasal  secretions*.    The  observation  of  typical  M,  leprae  in  the  small  mucoid 
particles  of  nasal  secretions  and  in  material  aspirated  from  the  lesions 
constitutes  the  major  means  of  laboratory  identification  today.    The  organism 
has  not  been  successfully  cultivated  on  artificial  media,  but  it  can  be 
propagated  on  the  footpad  of  mice.    Morphologically,  IfrnsenTs  bacillus  closely 
resembles  the  tubercle  bacillus.    The  cells  are  slender  rods  measuring  from 
1.0  to  8.0  microns  long  and  0.3  to  0.5  microns  wide.    They  ar?  acid-fast  and 
may  appear  beaded.    The  bacilli  are  generally  fou«4jj£thin  tissue  cells  but 
may  also  be  seen  extracellular ly.    Characteristically,  ttie  bacterial 


cells  arc  arranged  in  groups  or  packets,  side  by  forms  in  the  second  category  because  of  a  simi- 
side.  larity  in  cultural  properties  that  will  be  discussed 

20-3 •  Tuberculosis  is  also  one  of  our  oldest  fTater  in  the  chapter.    Although  ,M.  ulcerans  is  not 

ordinaril^  implicated  in  typical  tuberculosis,  the 


diseases.    The  infectious  nature  of  the  ailment 
was  suspected  during  the  16th  century,  and  Vil- 
lemin  showed  in  1865  that  tuberculosis  can  be 
transmitted  from  one  person  to  another.     But  it 
was  Robert  Kock,  the  German  physician,  who 
first  isolated  and  identified  the  causative 
agent  in  1882. 


microorganism  has  been  isolated  from  skin  ulcers 
in  man. 

20-9.  The  third  category,  "atypical  mycobac- 
teria,1.1 refers  to  a  number  of  anonymous  acid- 
fast  bacilli  whose  composite  characteristics  preven 
J£heir  being  classified  with  any  of  the  estab- 
'ished  species  of  Mycobacterium.  Many  of  these 


/ 


20-4.  Excluding  the  leprosy  bacillus,  we  can" 
pku^rfie  14  Mycobacterium  spp.  into  four  cate- 
gories on  the  basis  of  cultural  characteristics  and 
biochemical  tests.  Members  of  all  groups  except 
the  saprophytes  cause  tuberculosis  or  a  clinically 
similar  illness. 

•  Mycobacterium'  tuberculosis. 

•  The  related  species,  M.  bovis.  M.  avium. 
and  M.  ulcerans. 

•  The  atypical  mycobacteria. 

•  The  saprophytes. 

20-5.  The  human  find  bovine  tubercle  bacilli 
(\f  tuberculosis  and  M.  bovis)  are  the  principal 
agents  of  tuberculosis  in  man.  Human  strains 
are  almost  always  responsible  for  the  classic  pul- 
monary disease.  Infections  with  the  bovine 
species  are  occasionally  pulmonary,  but  more 
often  involve  other  tissues.  Bovine  tuberculosis 
is  not  common  in  adults,  but  it  does  occur  with 
some  frequency  in  children,  especially  in  certain 
European  countries.  The  avian  tubercle  bacillus 
(M.  avium),  found  in  wild  birds  and  domesti- 
cated fowl,  is  reported  from  time  to  time  as  the 
cause  of  human  infections. 

20-6.  Tubercle  bacilli  usually  enter  the  body 
by  way  of  the  respiratory  or  alimentary  tract. 
In  man.  the  respiratory  tract  is  the  most  frequent 
and  important  portal  of  entry.  Infection  prises" 
through  aerosol  droplets  and  contaminated  dust 
particles.  Infections  are  also  acquired  from  So- 
mites (towels,  drinking  cups).  The  consumption 
of  unpasteurized  milk  or  inadequately  cooked 
meat  from  infected  cattle  is  an  important  source 
of  infection  where  bovine  tuberculosis  is  not  well 
controlled. 

20-7.  Following  initial  infection,  tubercle 
bacilLi  form  primary  and  secondary  lesions.  The 
organisms  rpay  spread  to  various  tissues  via  the 
lymphatic  system,  bloodstream,  or  by  direct  ex- 
tension. Bloodstream  dissemination  can  result  in 
the  so-called  miliary,  or  "mustard  seed,"  tuber- 
culosis. Practically  any  jissuc  of  the  body  is 
susceptible  to  invasion;  however,  more  than  90 

percent  of  the  deaths  from  tuberculosis  are  due^^abscesses,  and  other  clinical  specimens  will  be 
to  the  pulmonary  form.  M.  jortuitum. 

20-8.  Our  grouping  of  the  mycobacteria  listed  20-13.  Going  bacfc  to  the  major  groupings  set 
M.  ulcerans  along  with  the  bovine  and  avian      forth  in  paragraph  20-4  (not  to  be  confused  with 
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fbrms  produce  a  disease  which  is  clinicially  simi- 
lar to  tuberculosis;  yet,  culturally,  they  exhibit 
several  features  which  set  them  apart  from  the 
human,  avian,  and  bovine  species.  These  or- 
ganisms have  no  clearly  established  animal  hosts. 
It  is  not  known  precisely  how  they  are  transmitted 
from  one  individual  to  another,  but  some  of  them 
can  cause  a  severe  and  often  fatal  disease  in  man. 

20-10.  The  Runyon  classification  of  the  atypi- 
cal acid-fast  bacilli  uses  cultural  and  morphologi- 
cal properties,  animal  studies,  and  metabolic  traits 
to  assign  these  organisms  to  four  subgroups. 
These  subgroups  are  also  given  descriptive 
names: 

Group  I — Photochrbmogeris 
Group  II — Scotochromogens 
Group  III — Nonphotochromogens 
Group  TV — The  rapid  growers 

20-11.  The  photochromogejis  can  produce 
pulmonary  disease  in  man.  The  organisms  form 
a  yellow  pigment  in  the  presence  of  light;  Tience, 
the  name  photochromogen.  M.  kansasii,  com- 
monly called  the  "yellow  bacillus,"  is  the  most 
frequent  isolate  from  this  group.  Group  II,  scoto- 
chromogens, are  exemplified  by  M.  scrofulaceum. 
which  produces  a  yellow  or  orange  pigment 
whether  cultivated  in  the  light  or  in  darkness. 
Not  generally  considered  to  be  pathogenic,  this 
organism  has  nevertheless  been  associated  with 
cases  of  lymphadenitis  in  children. 

20-12.  The  nonphotochromogens  (Group  III), 
often  referred  to  as  the  "Battey  bacilli,"  cause  a 
form  of  tuberculosis  clinically  indistinguishable 
from  the  pulmonary  infections  brought  on  by  M. 
tuberculosis  and  M.  kansasii.  Unlike  the  true 
tubercle  bacillus,  the  Battey  strains  often  show  a 
primary  drug  resistance  that  makes  treatment 
difficult.  Group  IV  of  the  Runyon  Scheme  con- 
tains the  "rapid  growers,"  so  labeled  because 
growth  occurs  in  3  to  4  days  instead  of  the  2  to 
3  weeks  characteristic  of  the  other  mycobacteria. 
Most  of  the  rapidly  growing  isolates  from  sputum, 
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Runyon's  subgroupings  within  the  atypical  acid- 
fast  forms),  we  find  the  fourth  category  of  my- 
cobacteria to  be  the  saprophytes  or  nondisease 
producers.  The  saprophytes  M.  smegmatis  and 
M.  phlei  are  often  isolated  from  clinical  speci- 
mens. Because  these  species  are  rapid  growers 
they  are  sometimes  classified  with  Group  IV  of 
Runyon's  atypical  acid-fast  bacilli,  but  neither  of 
the  two  has  been  implicated  in  disease.  M.  smeg- 
ma tis,  commonly  referred  to  as  the  "smegma 
6  bacillus,"  is  found  occasionally  in  urine  speci- 
mens. This  bacillus  is  very  difficult  to  distinguish 
microscopically  from  the  pathogenic  acid-fast 
bacHli.  The  organisny>is  widely  distributed  in 
water,  soil,  and  kjst/and  can  be  isolated  from 
human  smegma.  phlei  is  also  found  in  the 
soil,  in  dust,  and  on  plants.  Commonly  called 
the  "timothy  grass  bacillus,"  the  organism  forms 
a  dark-yellow,  soft,  waxy  colony. 

21.  Distinguishing  Characteristics  of 
Tubercle  Bacilli 

21-1.  As  with  most  bacterial  species1,  cellular 
size  and  shape  of  the  mycobacteria  differ  with 
the  environment  in  which  the  organisms  are 
found — the  culture  tube  and  clinical  specimen 
from  various  anatomical  sources.  Sputum,  urine, 
and  gastric  washings  arc  most  often  received  in 
the  laboratory;  but  tissue  specimens,  lymph  as- 
pirations, and  pleural,  pericardial,  spinal,  or  j»int 
fluids,  are  submitted  upon  occasion.  We  learned 
in  Chapter  4  of  the  first  volume  how  to  concen- 
trate and  digest  urine,  sputum,  and  gastric  wash- 
ings prior  to  microscopic  examination  and  cul- 
turing.  The  other  body  fluids  are  not  ordinarily 
digested,  but  the  bacilli  in  them  should  be  con- 
centrated by  centrifuging  the  specimen  and  using 
the  sediment  for  making  smears. 

21-2.  Morphology.  Generally,  we  expect  to  see 
cells  ranging  in  size  from  0.3  to  0.6  micron  in 
width  and  0.6  to  4.0  microns  in  length,  appearing 
either  as  slightly  curved  or  straight  rods.  They 
may  be  found  as  short  cells  or  \s  threadlike 
shapes.  They  sometimes  appear  branched  or 
'swollen,  with  a  beaded  effect.  In  tissues  and 
exudates  tubercle  bacilli  often  take  the  form  of 
small,  thin  rods  with  roHnded  ends.  They  may  . 
be  straight  or  slightly  curved.  In  smears  from 
cultures,  longer  filamentous  forms  are  occasion- 
ally observed,  as  well  as  swollen  or  club-shaped 
cells.  Tubercle  bacilli  occur  singly,  in  small 
groups,  of  frequently  in  clumps  of  indiscernible 
individual  ceHs.  Detail  0  of  foldout  4B  illus- 
trates a  typical  acid-fast  smear.  None  of  the 
mycobacteria  produce  spores.  Virulent  strains 
often  have  a  capsular  substance,  especially  when 
grown  on  a  serum-enriched  medium. 


21-3.  The  result  pf  microscopic  examination 
of  direct  smears  from  clinical  material  is  often 
reported  as  positive  or  negative  for  ^id-fast 
bacilli.  However,  the  N^uional  Tuberculosis  As- 
sociation suggests  the  following  reporting  format: 

•  Three,  to  nine  bacillp  per  slide — report  as 
"rare." 

•  Ten  or  more  cells  per  slide — report  as 
"few.1* 

•  Ten  or  more  in  most  oil  immersion  fields — 
report  as  "numerous."  f 

•  If  less  than'  three  positive  fields  are  found — 
prepare  a  new  smear. 

Some  workers  differentiate  microscopically  be- 
tween typical  acid-fast  forms — i.e.,  the  long, 
slender,  sometimes  beaded  bacilli;  and  atypical 
organisms — the  short,  broad,  pale-staining  or 
branching  cells.  This  distinction  is  difficult  to 
make,  at  best,  and  should  rift  be  attempted  with- 
out extensive  laboratory  experience  in  observing 
the  tubercle  bacilli.  f 

21-4.  Colony  morphology  among  the  myco- 
bacteria ranges  from  the  dry,  nodular,  rough, 
"cauliflower"  growth  typical  of  the  human  tuber- 
cle bacillus  (seen  in  detail  R  of  foldout  4B) 
to  the  smooth,  moist,  glistening  slant  of  a  scoto- 
chromogenic  mycobacterium  shown  in  detail  S 
of  foldout  4B.  Note,  however,  in  detail  T  of 
foldout  4B  that  the  photochromogens  of  Runyorfs 
atypical  classification,  as  weH  txs  others,  can  look 
deceptively  like  the-  human  strain  seen  in  detaiU. 
R  of  foldout  4B. 

21-5.  Most  of  the  mycobacterial  colonie*s  are 
buff,  off-white/ or  cream  Colored.  Some  of  these 
nonpigmented  strains  give  a  hint  of  faint  yellow 
or  pink.  The  highly  pigmented  atypical  bacilli 
of  the  Photochromogen  and  Scotochromogen 
groups  appear  bright  yellow,  orange,  or  brick  red 
under  certain  cultural  conditions.  Two  examples 
are  given  in  details  S  and  T  of  foldout  4B. 
The  influence  of  light  on  pigment  production  is 
an  important  factor  in  identification,  as  we  will 
emphasize  Jatefmthe  chapter. 

21-6.  Cultural .  Properties.  The  mycobacteria 
are  aerobic  and  will  not  grow  under  strict  anaero- 
bic conditions.  Art  incubation  temperature  of  37n 
C.  is  near  the  optimum.  Growth  is  slow,  usually 
requiring  2  weeks  or  longer,  as  we  can  judge 
from  the  data  in  table  23.  The  tendency  of  the 
human,  avian,  and  bovine  species  to  form  col- 
onies only  at  elevated  temperatures  (no  growth 
at  25°  C.)  insignificant  in  distinguishing  them 
from  the  atyK§)  groups. 

21-7.  We  pointed  out  in -Volume  1  that  an 
enriched  medium  such  as  Lowenstein-Jensen's  or 
Petragnanis  is  required  for  growth,  and  even 
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Table  23 

Oro\vth*Ti  MiM  RATimi  Relationship 


Of&ANlSM 

No  growth 

12  to  25 

Xo  growth 

25  to  40 

t 

M.  avium 

Slight  or  no 

21  to  60 

growth 

60 

OU 

,   Pho tochromogens   fGroup  I i 

12  to  25 

10  to  21 

Scetoehromogons  (Croup  11) 

12  to  25  ^ 

10  to  21 

Ncnpho tochromogens  (.Group  III) 

12  to  25 

i 

10  to  21 

Rapid  Growers   (Group  IV)  ♦ 

j  7 

3  to  5 

with  these  enriched  media  the  cultures  should  be 
kept  for  at  least  8  weeks  before  discarding  as 
negative.  Remember  to  examine  the  tubes  every 
3  or  4  days,  and  periodically  loosen  the  screw 
caps  of  the  culture  tu^es  to  replenish  the  oxygen 
supply.  Medizr^fui  The  mycobacteria  are  usually 
purchased  pretubed  because  of  the  labor  and  ex- 
pense of  preparation.  The  principal  growth  pro- 
moting constituents  are  homogenized  whole  egg, 
glycerol,  asparagine,  and  potato  starch.  Mal- 
achite green  is  added  to  inhibit  the  growth  of 
contaminating  organisms. 

21-8.  Recently,  Middlebrook  7H10  agar  with 
oleic  acid,  dextrose,  and  citrate  enrichment  has 


been  added  to  the  arsenal  of  diagnostic  media. 
It  is  excellent  for  primary  isolation  and  suscep- 
tibility testing  of  M.  tuberculosis.  This  medium 
has  several  advantages.,  Early  detection  of  col- 
onies with  the  aid  of  the  microscope  is  possible 
because  the  medium  is  clear.  It  permits  easy 
separation  of  mixed  colony  types,  and  contami- 
nation with  other  bacteria  or  fungi  does  not  alter 
or  destroy  the  agar  base  medium  as  quickly  as 
the  egg  base  medium  of  Lowenstein-Jensen  or 
Petragnani's.  Whereas  up  to  8  weeks'  cultivation 
is  required  on  egg  base  media,  Middlebrook 
7H10  shows  growth  within  3"weeks.  Middlebrook 
7H10  must  be  relatively  fresh,  however,  and  cul- 
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Table  2k 

Pigment  Production  by  Atypical  Acid-Fast  Bacilli 


.7  aye 

Pigment  when 

Pigment . when 

grown  in  light 

grown  in  dark 

I 

Photochromogens 

11  j 

Scotochromogens 

+ 

I  I  I 

Xonpho tochromogens 

CO 

(-) 

IV- 

Rap  id  growers 

(-) 

KEY: 

NOTE: 

+  «  Reaction,  growth  or  production 
-  =  Nonreactive  or  no  change 
%]  -  Usual  reaction 
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Atypical  acid-fast  bacilli 
grow  at  220  to  37°  C. 
Pigments  are  usually  yellow 
to  orange. 
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Table  25 


Biochemical  Properties  of  the  Mycobacteria 

* 

 ,  1 

i         •  i 

_  1 

V.    z-.ibevculosi  a 

i    Room  Temperature)[f68°C.yT 

:  -       |  • 

.V.   -XV  turn 

> 

-•  { 


.7.  Levis 


Pho  tochromogens  [ 
Scotochrowogens  j 
N'onp ho  tochromogens 
Rapid  growers 


turcs  must  be  incubated  under  increased  CO- 
tension.  It  is  intportant  to  note  that  even  with 
egg  base  media  the  presence  of  CO^»  definitely 
stimulates  the  rate  of  growth  of  the  tubercle 
bacilli. 

21-9.  From  table  24  it  is  apparent  that  the 
formation  of  pigment  as  a  function  of  light  in- 
tensity proves  useful  in  identification.  We  stated 
earlier  that  the  human,  avian,  and  bovine  species 
form  little  or  no  true  pigment,  whether  in  light 
or  darkness.  But  in  the  so-called  atypical  species 
of  the  Runyoq  groups  pigment  changes  take 
place.  Colonies  of  Group  I,  the  photochromo- 
gens,  are  yellow  to  brick-red  when  grown  in  the 
light,  but  they  lack  pigment  in  the  absence  of 
light.  Colonies  that  have  grown  for  about  a  week 
can  be  made  to  develop  pigment  in  6  to  12 
hours  if  they  are  exposed  to  a  30-watt  lamp  at 
a  distance  of  14  to  15  inches.  (Mature  colonies 
will  not  usually  react.)  In  fact, 'a  yellow  pigment 
is  produced  within  24  hours  after  only  1  hour's 
exposure  to  bright  light.  The.  pronounced  color 
change  is  shown  in  detail  T  of  foldout  4B. 

21-  10.  The  scotochromogens  (Group  II)  elab- 
orate a  yellow  or  orange  pigment  whether  grown 
in  light  or  darkness.  The  Group  IV  rapid  growers 
resemble  the  photochromogens  in  response  to 
light,  but  the  rate  of  colony  development  easily 
differentiates  these  groups.  The  nonphotochro- 
mogens  (Group  III)  are  distinctive  among  the 
atypical  species  in  producing  little  or  no  pigment 
in  their  colonies. 

22.  Special  Diagnostic  Tests 

22-  1 .  The  identification  of  Mycobacterium 
isolates  rests  partly  on  the  comparison  of  several 
characteristics  which  we  have  already  covered: 
the  temperature  range  for  growth;  the  period  re- 


quired for  colony  formation;  and  the  effecf  of 
bright  light  on  pigment  production.  In  addition, 
there  are  certain  biochemical  procedures  that  are 
useful  in  differentiating  the  various  species  and 
groups.  The  results  shown  in  table  25  are  subject 
to  considerable  variation  among  strains  of  a  given 
species,  however.  As  a  furthered  to  identifica- 
tion, laboratories  equipped  to  perform  animal 
studies  can  confirm  the  pathogenicity  of  isolates 
by  inoculating  guinea  pigs,  rabbits,  and  mice. 

22-2.  Biochemical  Procedures.  As  we  find  in 
table  25,  the  human  strains  of  mycobacteria, 
whether  virulent  or  not,  are  able  to  form  niacin 
(nicotinic  acid)  when  grown  on  one  of  the  egg 
media  we  have  discussed.  Bovine  species  are 
usually  negative,  and  avian  species  are  consist- 
ently negative.  Niacin  in  the  culture  is  detected 
by  a  color  reaction  with  cyanogen  bromide  and 
aniline. 

22-3.  To  test  for  niacin  production  we  pipette 
1.0  ml.  of  sterile  saline  to  a  3-week,  or  older, 
Culture  slant.  (Be  sure  that  there  is  no  niacin- 
containing  additive  such  as  penicillin  in  the 
medium.)  In  order  to  extract  the  niacin,  punc- 
ture the  slant  around  the  growth  with  the  dropper 
pipette  tip.  The  colonies  should  be  covered  with 
the  saline  and  allowed  to  stand  for  about  30 
minutes.  Transfer  a  portion  of  the  saline  to  a 
small  screw-capped  test  tube.  Add  an  equal  por- 
tion of  aniline  and  cyanogen  bromide  solution 
to  the  saline  extract.  If  niacin  is  present  a  yellow 
color  will  appear  almost  instantly.  A  positive 
and  a  negative  niacin  test  arc  shown  in  detail 
U  of  foldout  4B.  Caution:  cyanogen  bromide 
is  a  tear  gas,  so  perform  the  test  in  a  well-venti- 
lated area  or  a  fume  hood. 

22-4.  All  acid-fast  bacilli  produce  catalase,  but 
the  production  of  this  enzyme  decreases  when 
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the  bacilli  become  resistant  to  the  therapeutic 
agent,  isoniazid.  The  slackening  of  catalasc  ac- 
tivity is  correlated  with  a  weakening  of  virulence 
for  the  guinea  pig.  It  is  also  possible  to  subgroup 
ncid-fast  bacilli  on  the  basis  of  their  catalasc 
activity  at  different  temperature*?  and  pH.  At 
C.  and  pH  7.0  the  Catalan  of  human  and 
bovine  tubercle  bacilli  is  selectively  inactivated 
Under  the  same  conditions  all  other  acid-fest 
species  are  catalase-positive. 

22-5.  To  check  the  catalasc  activity  at  room 
temperature  prepare  a|^mixture  of  10  percent 
twecn  80  and  30  P^flfefef  hydrogen  peroxide. 
Add  0.5  nil.  of  the  mixmre  to  the  Lowenstein- 
Jensen  slant.  Bubbling  indicates  a  positive  £ata- 
b  la*c  test.  To  test  catalasc  activity  at  68°  C. 
add  several  loopfuls  of  mycobacteria  from  a  slant 
to  0.5  ml.  of  a  phosphate  buffer  solution  fpH 
7.0)  in. a  test  tube.  Incubate  at  68°  *  in  a 
water  bath  for  30  minutes.  Add  0.5  ml.  of  the 
tween-hydrogen  peroxide  mixture  to  the  buffer- 
growth  solution  and  observe  for  the  bubbling  in- 
dicative of  a  positive  reaction. 

22-6.  The  sulfatase  test  recorded  in  table  25 
measures  the  ability  of  mycobacteria  to  form  an 
enzyme,  sulfatase,  when  grown  in  a  medium  con- 
taining 0.001  molar  tripotassium  phenolphthalein 
disulfate.  The  enzyme,  if  present,  liberates  phe- 
rjvlphthalein,  which  is  detected  by  adding  an  al- 
i      loili  to  develop  a  characteristic  red  color. 

22-7.  The  test  is  performed  by  inoculating  a 
portion  of  an  actively  growing  Lowenstein-Jensen 
culture  to  Wayne's  phenolphthalein  sulfatase  agar 
by  surface  streaking  and  stabbing.  We  incubate 
for  72  hours  at  37°^  C.  then  add  0.5  ml.  of 
\M  sodium  carbonate  solution  to  the  inoculated 
medium  and  to  an  uninoculated  control  medium. 
A  positive  reaction  is  observed  as  a  pink  color 
formed  in  the  agar  or  the  supernatant  fluid.  Note 
in  table  25  that  the  atypical  species  are  sul- 
fatase-positive  and  the  avian,  bovine,  and  human 
species  are  negative. 

22-8.  Sensitivity  Testing.  We  learned  in  Chap- 
ter 5  of  Volume  1  how  to  set  up  sensitivity  tests 
to  measure  the  antimicrobial  activity  of  antibio- 
tics. The  resistance  or  susceptibility  of  the  tuber- 
cle bacilli  to  drugs  can  be  assessed  by  applying 
the  same  principles.  The  procedure  for  preparing 
the  inoculum  and  the  parameters  for  choosing 
the  direct  or  indirect  technique  are  sufficiently 
unique  with  the  acid-fast  bacteria,  however,  as 
to  merit  a  brief  but  separate  discussion. 

22-9.  The  selection  of  a  method,  i.e..  direct  or 
indirect,  depends  on  ^the  number  of  bacilli  seen 
on  stained  slides  prepared  from  the  digested 
specimen.  If  the  smear  shows  only  an  occasional 
acid-fast  cell  or  is  negative,  drug-free  media 
should  be  inoculated  to  obtain  sufficient  erowth 


for  indirect  testing.  (The  organisms  are  cultured 
before  seeding  to  antibiotic  test  media.)  Rarely 
can  an  accurate  direct  determination  of  suscepti- 
bility be  accomplished  when  less-xth.an  10  or- 
ganisms arc  found  on  an  entire^ smear  (direct 
inoculation  of  antibiotic  test  media  with  the  speci- 
men). The  dirffdL  test  on  eiihvr  w6e  or  plare 
is  performed  on  g  saline  concentrate  of  the  scd\ 
ment  obtained  ihrough  digestion  of  the  specimen 
Dilution  is  made  according  to  the  number  of  or- 
ganisms seen  on  the  smear  under  oil  immersion. 

22-10'.  If  there  is  less  than  one  cell  per  field, 
two  plates  are  inoculated  in  the  direct  plate  tech- 
nique, one  from  undiluted  sediment  and  the  other 
from  a  1:10  dilution  in  saline.  If  1  to  10  bacilli, 
are  seen  per  oil  immersion  field,  dilutions  of 
1:10  and  1:20  are  inoculated.  If  more  than  10 
are  found,  dilution  factors  of  1:20  and  1:30  are 
used.  The  culture  plates  are  prepared  from  petri 
dishes  of  Middlebrook  7H10  agar  with  four  sec- 
tions. Three  of  the  quadrants  contain  media  with 
a  different  antimicrobial  agent  such  as*  isoniazid 
(INH),  para-aminosalicylic  acid  (PAS),  and 
streptomycin.  The  fourth  quadrant  serves  as 
a  control.  Plates  are  inoculated  with  3  drops  of 
the  sediment  or  diluted  specimen  to  each  quad- 
rant and  then  placed  in  an  upright  position  at 
35°  C.  to  37°  C.  for  3  weeks,  preferably  in  an 
atmosphere  of  2  to  5  percent  CO*.  Growth  is 
reported  according  to^  some  numerical  system 
such  as  the  following: 

•  Confluent  growth  (over  500  colonies) — re- 
port  4  + . 

O  •  From  200  to  500  colonies — report  3  + . 

•  From  1 00  to  200  colonies — report  2  -I- . 

•  From  50  to  100  colonies — report  as  1-1- . 

•  Report  the  number  of  colonies  if  fewer  than 
50  colonies  appear  in  the  quadrant. 

22-11.  The  direct  tube  method  uses  a  Lowen- 
stein-Jensen medium  <$tfntairiing^  antimicrobial 
agents  such  as  isoniazid,  para-aminosalicylic  acid, 
streptomycin,  viomycin,  cycloserine,  pyrazina- 
mide,  ethionamide,  or  others.  These  tubes  are 
available  commercially.  If  the  smear  of  the  sedi- 
ment shows  numerous  acid-fast  bacilli,  inoculate 
0.1  ml.  of  the  undiluted  sediment  to  the  control 
tube  (no  antimicrobial  agent).  The  entire  sur- 
face of  the  slant  should  be  covered.  This  can 
be  accomplished  using  sterile  pipettes  or  cotton- 
tipped  swabs.  The  remaining  sediment  should 
be  diluted  according  to  the  number  of  bacilli  seen 
on  the  smear,  using  a  diluent  such  as- a  0.1  per- 
cent albumin  phosphate  buffer,  pH  6.8. 

22-12.  Inoculate  two  control  tubes  and  one 
tube  each  of  the  drug-containing  media.  Incu- 
bate them  at  37°  C.  with  the  tubes  placed  in  a 
horizontal  position  for  the  first  7  days.  After  4 
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weeks  of  incubation,  report  the  extent  of  growth 
on  the  control  tube  (which  should  show  a  3  + 
or  4+  growth)  as  well  as  the  growth  on  each 
of  the  drug-containing  tubes. 

•  Report  confluent  growth  as  4  + . 

•  Heavy  growth,  not  confluent,  is  reported 
as  3  +  . 

•  More  than  200  discrete  colonies  are  re- 
ported as  2  + . 

•  Report  50  to  200  colonies  as  1  + . 

•  If  there,  are  fewer  than  50  colonies,  report 
the  actual  number. 

22-13.  Whenever  possible,  the  direct  method- 
(plate  or  tube)  for  testing  drug  susceptibility 
should  be  used.  But,  if  the  smears  reveal  too 
few  organisms  fftr  direct  seeding,  then  the  indi- 
rect method  applies.  As  with  the  direct  tech- 
niques, we  can  use  either  plates  or  tubes, 
r 


Emulsify  at  least  five  colonies  of  the  organism 
from  a  pure  culture  in  3  ml.  of  tween-albumin 
broth  (TAB)  with  the  aid  of  several  sterile  glass 
beads.  To  prevent  splattering,  use  a  screw- 
capped  tube.  Place  the  tube  in  a  test  tube  mixer 
for  5  to  10  minutes;  then  allow  the  larger  par- 
ticles to  settle.  Adjust  the  supernatant*  to  match 
MacFarland  #1  standard  with,  sterile  distilled 
water  or  0.85  percent  saline.  (The  MacFarland 
#1  standard  can  be  prepared  by  adding  0.1  ml. 
of  1  percent  barium  chloride  solution  to  9.9  ml. 
of  1  percent  sulfuric  acid.)  After  the  supernatant 
has  been  adjusted,  make  1:20  and  1:40  dilu-  ■» 
tions  to  inoculate  the  quadrant  plates  as  in  the 
direct  method.  Alternatively,  we  can  inoculate 
the  surface  of  tubed  antibiotic  test  media  with 
0.1  ml.  of  the  supernatant  fluid.  Incubate  and 
report  the  growth  as  outlined  for  the  direct  tube 
method. 
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CHAPTER  6^ 


The  Spirochetes  v 


TRADITIONALLY,  THE  term  "spirochete" 
embraces  a  host  of  slender,  flexible,  fila- 
mentous, corkscrewlike  organisms  distributed 
widely  in  water,  soil,  plants,  ^nimals,  and  man. 
Most  of  these  bacteria  are  saprophytes,  b^t  a  few 
are  pathogenic.  Those  pathogenic  for  man  cause 
such  diseases  as  yaws,  relapsing  fever,  syphilis, 
and  certain  hemorrhagic  disorders. 

2.  Spirochetes  were  among  the  earliest  micro- 
organisms to  be  seen.  Van  Leeuwenhoek,  soon 
after  his  invention  of  the  light  microscope,  saw 
and  described  various  types^of  spirochetes  from 
his  own  mouth  and  gums.  /The  first  spirochete 
associated  with  a  specific  disease  was  Borrelia 
recurrentis,  discovered  in  thjs blood  of  "a  patient 
with  relapsing  fever  around  1873.  The  causa- 
tive agent  of  syphilis,  Treponema  pallidun&was 
not  described  until^about  1905,  although\he 
disease  had  been  recognized  clinically  since  the 
time  of  Columbus'  voyage  to  America.  ^ 

3.  The  true  spirochetes  belong  to  the  order 
Spirochaetales,  whose  subordinate  taxonomic 
groups  are  shown  in  the  following  classification 
schene  from  Sergey's  Manual: 

Order  DC  Spriochaetales 
Family  L  Spirochaetaceae 

Genus  I.  Sffirochaeta 

Genus  II.  Saprospira 

Genus  m.  Chistispira 
Family  II.  Treponemataceae 

Genus  L  Borrelia 

Genus  II.  Treponema 

Genus  m.  Leptospira 

4.  By  definition,  members  of  the  order  take 
the  form  of  slender  spirals.  They  range  from  6 
to  500  microns  in  length,  and  they  possess  at 
least  one  complete  turn  in  the  spiral.  All  species 
are  motile.  The  order  can  be  subdivided  into 
two  families  on  the  basis  of  cell  length:  Those 
organisms  30  to  500  microns  in  leilgth  and  with  a 
definite  protoplasmic  structure  are  placed  ,  in  the 
family  Spirochaetaceae.  Those  with  a  length  of 
3  or  4  to  20  microna  or  so,  and  without  proto- 


plasmic structure,  are  placed  in  the  family  Trepo- 
nemataceae. 

5.  The  free-living  spirochetes  of  the  family 
Spirochaetaceae  can  be  disregarded  as  the  cause 
of  disease  in  humans.  This  chapter  will,  there- 
fore, be  concerned  mainly  with  the  family  Trepo- 
nemataceae, each  of  whose  three  genera  contains 
pathogens.  In  figure  19  we  have  sketched  the 
typical  morphology  of  each  genus.  Note  that 
spiral  length,  the  number  of  spirals,  and  to  a 
lesser  extent  the  amplitude  of  each  spiral  are 
characteristic. 

6.  Morphology  is  one  of  the  three  distinguish- 
ing properties — the  other  two  are  staining  char- 
acteristics and  oxygen  requirements.  That  is, 
Borrelia  are  easily  stained  with  aniline  dyes,  and 
this  feature  separates  them  from  the  Treponema 
and  Leptospira  which  stain  with  difficulty.  Dif- 
ferentiation of  the  latter  two  genera  is  based  on 
oxygen  requirements:  Treponema  are  anaerobic, 
Leptospira  are  aerobic.  Siflce  the  pathogenic 
spirochetes  are  not  routinely  cultivated  on  artifi- 
cial media,  •  however,  microscopic  morphology 
coupled  with  the  clinical  picture,  augmented  by 
serological  tests  in  certain  instances,  is  the  princi- 
pal means  of  distinguishing  among  the  three 
genera. 

23.  Thm  Genus  Borrelia 

23-L  There  are  28  different  species  of  Bor- 
relia, many  of  them  morphologically  similar,  but 
we  will  discuss  only  two  from  the  laboratory 
standpoint:  Borrelia  recwrrentis,  which  causes 
relapsing  fever;  and  Borrelia  vincentii,  which 
causes  ulcerative  stomatitis  (Vincent's  Angina) 
and  ulcerative  lesions  of  the  genitalia.  In  nature, 
a  dozen  species  other  than  B.  recurrentis  give  4 
rise  to  a  type  of  relapsing  fever,  but  the  labora- 
tory procedures  described  in  this  chapter  for 
^identifying  B.  recurrentis  are  equally  applicable 
to  the  others. 

23/2.  Relapsing  fever  is  an  ancient  disease. 
An  epidemic  on  the  island  of  Thasos  some  20 
centuries  ago  was  described  by  Hippocrates.  Al- 
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Figure  19:   Major  shapes  of  spirochetes. 


though  the  disease  is  still  prevalent  in  Central 
America,  India,  Africa,  and  parts  of  Europe,  it 
has  not  been  observed  in  epidemic  form  in  the 
!  The  organism  is  transmitted  from 
>y  the  body  krose  and  from  rodent  to 


high  fever  develops  from  3  to  10 
the  person  has  become  infected.  In 
Stages  there  are  numerous  organisms  in 

  stream  and  occasionally  in  the  urine. 

After  4  or  5  days,  the  fever  subsides  and  the 
number  of  organisms  in  the  bloodstream  de- 
creases. Those  that  remain  take  on  rather  atypi- 
cal and  bizarre  forms  and  lose  their  motility. 
This  period  of  low  grade  fever  or  normal  temper- 
ature may  last  for  1  to  4  weeks  before  giving  way 
to  another  febrile  attack.  Organisms  may  invade 
the  spleen,  liver,  gastrointestinal  tract,  and  kid- 
ney. 

23-4.  Morphologically,  this  spirochete  is  a 
spiral  thread  measuring  0.2  to  0.5  micron  in 
width  and  8  to  16  microns  in  length.  It  may 
possess  from  four  to  ten  spirals,  with  most  cells 


Figure  20.   Photomicrograph  of  Borrella 
under  darkfield 
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Figure  21.    Photomicrograph  of  Borrelia  in  rat  blood. 

>  «  * 

showing  around  five.  Spirals  are  large  and  wavy 
wit!)  a  distance  of  approximately  2.5  microns 
between  them.  Amplitude  is  about  1.5  microns 
as  we  have  shown  in  figure  19.  Occasionally, 
axial  terminal  filaments  are  seen,  (<and  these  may* 
give  the  appearance  of  flagellar  The  spirochetes 
can  be  stained  with  the  Gram  stain,  in  which 
they  appear  Gram-negative.  The  Romanowsky 
modification  or  ^Geimsa*  stain  which  stains  the 
organism  puLrpIe  can  also  be  used.  The"  me- 
chanics of  staining  cause  some  distortion  and 
straightening  of  the  spirals,  anci  experience  must 
be  gained  if  this  maimer  of  generic  identification 
is  to  be  relied  upojL 

23-5.  For  best  reailts  in  viewing  morphology, 
a  direct  wet  preparation  is  used.  See,  for  exam- 
ple, the  darkfield  micrograph  in  figure  20.  Under 
these  conditions  the  actively  motile  spirochetes 
have  a  corkscrew  movement  along  with  lateral 
oscillation  (side  to  side).-  The  motion  is  npt 
necessarily  directional,  and  the  organism  may  be 
seen  to  move  back  and  forth. 

23-6.  The  spirochetes  of  Borrelia  can,be  arti- 
ficially cultivated  in  liquid  media  such  as  ascitic 
fluid  containing  a  small  amount  of  rabbit  kidney 
and  several  drops  of  citrated  blood,  final  pH  7.2 
to  7.4.  Laboratory  diagnosis  is  based,  however, 
on  finding  the  spirochetes  in  the  blood!  during  a  ^ 
period  of  fever:  In  a  freshly  collected  specimen 
the  organisms  are  actively  motile  under  darkfield 
illumination.  Since  identification  in  the  direct 
preparation  is  often  difficult,  a  stained  blood 
smear  provides  the  opportunity  for  further  study/ 
Figure  21  permits  a  size  comparison  between 
the  spirochete  and  surrounding  red  cells. 

23-7.  Borrelia  vincentii,  in  association  with  the 


fusiform  bacilli  of  the  bacteroides  group,  causes 
serious  infections  of  the  mouth  and  throat  One 
of  the  best  known  diseases  of  this  nature  is 
Vincent's  angina,  commonly  referred  to  as 
"trench  mouth."  Milder  infections  include  stom- 
atitis and  gingivitis.  Although  infections  are  usu- 
ally limited  to  the  mouth,  fusospirochetal  symbi- 
ants  may  become  primary  or  secondary  invaders 
of  the  lungs,  intestinal  tract,  skin,  and  genital 
area.  It  is  possible  for  any  organ  of  the  body, 
including  the  brain,  to  become  infected  through 
metastases. 

23-8.  Borrelia  vincentii  is  motile  with  a  rapid 
vibratory  motion  which  allows  the  spirochete  to 
progress  through  the  medium.  Individual  cells 
are  approximately  7.0  to  12.0  microns  in  length 
with  three  to  eight  spirals.  The  organism  stains 
Gram-negative.  The  anaerobe  is  hardiio  folate 
and  keep  in  pure  culture.  If  cultivated  in  sym- 
biosis (mth  other  bacteria)  in  a  meat  infusion- 
ascitib^fluid  broth  from  which  atmospheric  oxy- 
gen Viajeicluded,  growth  occurs  fairly  well. 

23-  9.  To  identify  Borrelia  vincentii  as  the 
causative  agent  of  Vincent's  angina,  it  is  neces- 
sary to  find  the  spirochete.  In  positive  cases  you 
will  also  find  fusiform  bacilli  (Fusobacterium  fusi- 
formis)  on  the  same  stained  slide.  The  Gram- 
negative  fusiform  bacill}  appear  as  long  or  short, 
slender,  curved  rods  with  pointed  ends.  Occa- 
sionally they  appear  as  long  filaments.  They  oc- 
cur ^m^_^Lin  pmr^ttashcd  end  to  end-as  .a 
result  of  incomplete  fission.  Size  varies  from  6.30 
to  0.9  micron  in  width  and  3  to  12  microns  in 
length. 

2(3-10.  Borrelia  vincentii  can  be  stained  by 
Loeffler's  methylene  blue,  carbol-finjfcsin,  Giem- 
sa's  stain,  Wright's  stain,  or  the  Gram  stain. 
Smears  from  the  deeper  payts  of  tip  throat  lesions 
or  buccal  ulcer  most  often  show  the  spirochetes. 
The  combination  of  fusifonp  bacilli  and  spiro- 
chetes seen  on  a  Gram  stained  smear  made  from 
typical  lesions  is  good  evidence  that  Borrelia  vin- 
centii is  the  causative  agent.  There  are  many 
spirochetes  which  exist  as  part-  of  the  normal 
flora  of  the  mouth,  however.  Spirochetes  such 
as  Treponema  microdentium  and  Treponema 
mucosum  can  be  mistakenly  identified  as  Bor- 
relia vincentii.  Therefore,  the  association  of  fusi- 
form bacilli  with  the  spirochetes  is  an  important 
element  in  correct  identification. 

24,  The  Genus  Treponema 

24-  1.  Bergey's  7th  edition  lists  8  species  of  the 
genus  Treponemal  Ot  these,  Treponema  palli- 
dum c^usefc  the  veneral  disease  syphilis  in  man; 
Treponema  pertenue  causes  yaws,  an  ulcerative 
skin  disease  of  the  tropics.  Treponema  micro- 
dentium is  found  normally  in  the  mouth,  and 


Figure  23.  Stained  smear  of  7*  pallidum 
iit  tissue  exudate*  • 


Treponema  mucosign  is  associated  with  the  gam 
disease,  pyorrhea  alveolaris.  Treponema  geni- 
talis has  been  implicated  in  ventral  disease,  hut 
without  definite  proof.  * 

24-2.  Treponema  pallidum  (pale  thread)  is 
the.  etiologic  agent  of  syphilis,  a  highly  contagious 
disease  transmitted  from  person  to  person  through 
s  contact,  usually  sexnai  Infections  may 
be  transmitted  occasionally  through  indirect 
means  sufe  as  fomites  (drinking  cups,  towels), 
but  onl^Mfhen  the  time  interval  between  con- 
tamination of  the  article  and  its  subsequent  con- 
tact with  an  individual  js  very  short  For  this 
reason,  fomites  used  by  persons  with  open,  in- 
fective lesions  should  be  considered  highly  con- 
tagious* 

24-3.  Treponema  pallidum  enters  the  skin  or 
mucous  membranes  through  minute  breaks.  The 
spirochetes  remain  for  a  time  at  the  site  of  infec- 
tion and  multiply  The  characteristic  inflamma- 
tory response  known  as  the  chancre  follows*  This  v 
stage  is  referred  to  as  primary  syphilis,  and  the 


lapses.  In  secondary  syphilis  the  characteristic 
slriu  lesions  contain  Treponema  pallidum.  An 
increasingly  positive  serologic  test  is  the  rule, 
The  subsequent  latent  stage  of  syphilis  is  usually 
shown  by  a  persistently  positive  reaction  in  sero- 
logic tests*  Late  symptomatic  syphilis,  which  can 
be  expected  to  fellow  the  Jitent  period  in  un- 
treated cases,  can  also  be  defected  by  reactive 
serologic  tests. 

24-5.  The  spirochetes  of*  Treponema  pallidum 
occur  as  very  fine,  delicate  spiral  forms  having 
a  flexible  cylindrical  body  meettffing  approxi- 
mately 0,25  micron  in  diameter  and  5 4  to  16 
microns  in  length.  The  spiral  height  (amplitude) 
is  approximately  1.0  micron.  The  organism  pos- 
sesses from  8  to  15  regular  spirals.  Figure  22  is  a 
photomicrograph  of  two  spirochetes  of  7,  palli- 
dum. Motility  is  generally  slow,  although  the 
cell  rotates  rapidly  on  its  axis.  During  the  rota- 
tional process,  tKP  organism  bends  to  form  circu- 
lar as  well  as  S  shapes.  In  the  material  aspirated 
from  the  lesion  of  early  syphilis,  the  cell  tends  to 
be  elongated  (like  an  overstretched  spring)  and 
movement  is  more  qjakeiike.  This  is  due  to  the 
greater  density  of  the  fluid  caused  by  mucus 
present  in  the  lesion* 

24-6.  Staining  of  Treponema  pallidum  by, 
the  Gram  technique  is  usually  unsuccessful. 
Although  the  organism  may  take  the  dye, 
the  amount  of  protoplasm  available  for 
staining  is  so  small  that  the  necessary  visual 
contrast  is  lacking:  Staining  can  be  accomplished 
satisfactorily,  however,  by  using  special  tech- 
niques such  as  the  Silver  impregnation  method  of 
Levaditi,  or  one  of  its  several  modifications,  This 
technique  is  based  on  the  coating  of  the  surface 
of  the  treponeme  with  metallic  silver  to  increase 
contrast.  |n  the  Fontana-Tribondeau  method  the 
cell  surface  is  coated  with  reduced  silver  nitrate, 
in  figure  23  we  see  stained  spirochetes  typical 
of  T.  pallidum*  In  the  absence  of  silver  impreg- 
nation materials,  the  nigrosin  or  India  ink  prepar- 
ations can  be  used.  These  dyes  do  not  stain  the 
treponeme,  but  instead  provide  a  black  back- 
ground:)in  which  the  organisms  stand  out  in  relief. 


chancre  forms  within  10  to  90  days  after  infec-  , /Recently,  fluorescent  antibody  techniques  have 
tioEu  The  chancre  lasts  from  1  to  3  weeks  anS^^been  used  with  some  success* 


may  heal  spontaneously.  Primary  syphilis  is  gen- 
erally diagnosed  by  darkfield  microscopic  detec- 
tion of  Treponema  pallidum,  although  a  positive 
serologic  test  for  syphilis  will  occasionally  be  ob- 
tained in  this  stage  of  the  disease. 

24-4,  Within  2  to  12  weeks  after  the  primary 
chancre  heals,  a  generalized  skin  rash  usually 
appears,  This  stage  of  the  disease  is  referred  to 
as  secondary  syphilis^  Symptoms  usually  disap- 
pear within  about  3  weeks  and,  in  untreated 
cases,  may  reappear  one  or  more  times  as  re- 


24-7,  The  pathogenic  treponemes  have  not 
been  cultivated  in  the  laboratory.  An  exception 
is  the  nonvirtiient  'Reiter  strain  of  Treponema 
pallidum  that -has  been  grown  under  certain  con- 
ditions in  thioglycollate  or  other  anaerobic  broths 
containing  serum.  Attempts  to  culture  the  trepo- 
nemes in  tissue  Or  fertile  eggs  have  failed.  Labor- 
atory diagnosis  must  therefore  be  based  on  stain- 
ing, fluorescent  antibody  techniques,  serological 
reactions,  and  the  darkfield  examination.  ^ 

24-8.  Let's  take  a  look  at  the  darkfield  tech- 
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Figure  25.   Brightficld  versus  darkficld  condenser  system. 


nique  that  is  employed  during  first  examination 
of  jthe  syphilitic  lesion.  Most  of  the  microscopy 
you  have  done  has  been  with  "brightficld"  illumi- 
nation/ This  form  of  microscopy  "was  covered 
in  detail  in  CDC  90411,  Chemistry  and  Urinaly- 
sis. A  cutaway  of  a  conventional  binocular  mi- 
croscope showing  the  light  path  is  illustrated  in 
figure  24.  The  inset  is  a  closer  view  ^of  the 
condenser  area.  In  the  darkfield  setup,  VeHre- 
place  the  standard  microscope  condenser  witn  a 
special  darkfield  condenser  to  provide  oblique 
rather  than  direct  lighting  of  trk  specimen. 

24-9.  In  brightfield  microscopy,  thcsubstage 
condenser  provides  a  solid  cone  of  light  that  is 
concentrated  on  the  specimen,  as  we  see  in  figure 
25.  In  "darkfield  illumination,"  the  cone  of  light 
is  hollow,  leaving  a  dark  central  area.  It  is  this 
darkened  center  that  we  see  when  we  look 
through  the  microscope.  Thus,  the 'darkfield  con- 
denser provides  scattered  light  that  reflects  off 
.any  object  in  the  darkened  field,  giving  us  bright 
object^  against  a  black  background.  In  most 
laboratories  that  perform  the  darkfield  examina- 
tion, one  microscope  adapted  for  this  procedure 
with  special  condenser  and  objective  lenses  is  set 
aside  for  the  purpose. 

24-10.  Collecting  material  from  a  syphilitic 
lesion  for  darkfield  s,tudy  must  be  done  carefully. 
First,  you  must  clean  the  lesion  of  surface  crust, 
detritus  and  pus,  with  gauze  or  .a  cotton  applica- 
tor. If  the  patient  has  treated  his  lesion  with  a 
germicidal  agent,  examination  is  deferred  until 
all  germicide  has  been  removed  by  washing  and 


several  hours  have  elapsed.  Primary  lesions  are 
then  mildly  traumatized  to  provoke  a. serum  exu- 
date. We  do  this  by  gently  rolling  the  lesion 
between  tlje  gloved  finger  arid  thumf6  or  by  rub- 
bing its  surface  with  a'  dry  cotton  applicator. 
Hemorrhage  should  be  avoided,  although  a  few 
^erythrocytes  or  pus  cells  are  desirable  to  aid  in 
obtaining'  a  proper  focus.  Secondary  lesions  are 
merely  cleansed  with  a  saline  gauze  and  abraded. 

24-11.  Fresh  preparations  for  microscopic  ex- 
amination are  made  from  accessible" lesions  by 
touching  the  slide  to  tiss*  juice  and  immediately 
placing  the  cover  glass  dver  the  drop  of  fluid. 
Vaseline  placed  around  the  ecige  of  the  cover  slip 
will  preveif  drying.  If  the  lesion  is  less  accessi-' 
ble,  the  /iWi  may  be  collected  in  a  capillary  - 
pipSfte  andNpl^ced  on  the  slide.  Examine  im- 
mediately with  lite-darkfitild  microscope  for  the 
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Figure  26.   Darkfield  of  T.  pallidum. 
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Figure  27.^  Electron  photo  of  Leptospira* 

chanu&eristic  morphology  and  motility  of  7\  pat* 
tidum,  seen  in  figure  26. 

24-12,  There  are  many  saprophytic  spiro- 
chetes that  are  not  easily  distinguished  from  T* 
pallidum.  A  diagnosis  of  syphilis  Based  solely  on 
the  darkfield  examination,  especially  of  material 
from  the  oral  Savity,  is  not  valid  because  of  the 
variety  of  saprophytic  spirochetes  present,  ^More- 
over, "artifact  spirochetes"  aw  sometimes  mis- 
taken for  T.  patMduntjby  those  unfamiliar  with 
the  appearance  jst  blood,  pus,  tissue  cells,  and 
bacteria  under  darkfield  illumination.  Wavy,  fil- 
amentous structures  may  actually  simulate  spiro- 
chetes. The  physician  uses  the  result  of  this 
microscopic  examination  as  only  one  factor  in 
arriving  at  a  correct  diagnosis. 

24-13.  When  facilities  for  darkfield  micro-  ; 
scopy  are  not  locally  available,  tissue  fluids  may 
be  forwarded  to  some  other  laboratory  for  study^ 
The  fluid  from  a  suspected  lesion  is  allowed  to 
flow  into  a  capillary  tube  about  8  cm*  long  and 
1  mm.  in  diameter.  The  two  ends  of  this  iube 
are  sealed  by  pressing  them  into  a  soft  paraffin- 
petrolatum  mixture  (50  percent  of  each).  At 
the  examining  laboratory  the  serum  is  trans- 
ferred to  a  slide  by  pressing  one  end  of  the 
capillary  tube  into  a  paraffin-petrolatum  mixture 
until  the  plug  in  the  opposite  end  is  forced  out 
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XT  *  # 
25-1.  Sergey's  Mamxi  (7th  edition)  lists  only 
two  species  of  Leptospira,  although  many  sero- 
types are  found  worldwide  in  distribution.  In 
purrent  scientffic  literature  many  of  these 
have  been  given  sgecies  names,  al- 
no  formal  classification  has  yet  been  es- 
tablished. At  least  a  doxen  serotypes  of  the 
leptotpira  cause  disease  in  man.  We  will  men- 
tion three  of  the  more  prominent  of  these: 
Leptospira  hterohemorrhagiae,  L  canicola,  and 
L.  pomona.  ^ 

25-2.  Pathogenic  leptospiras  are  generally 
parasites  of  lower  animals,  both  domestic  andv^ 
wild*  Humans  are  infected  through  direct  contact 
with  infected  tissues  br  bofly  fluids,  e.g.,  urine. 
Domestic  animals  such  as  hogs  ,  and  .cattle  serve 
as  a  source  of  infection  for  slaughterhouse  work- 
ers and  farmers  who  process  their  own  meat. 
The  disease  is  often  listed  as  being  occupational 
the  most  familfer  disease  is  "Weil's  disease/'  or 
infectious  jaundice.  Less  serious  infections  are 
known  as  "field  fever*  or  "swamp  fever." 

25^3.  Leptospira  icterohemorrhagiae  is  the 
causative  agent  of  Weil's  disease,  a  disorder  eft- 
countered  worldwide.  In  the  United  States  it  is 
only  occasionally  seen,  and  only  about  half  of 
the  persons  infected  develop  the  characteristic 
clinical  jaundiced  state.  The  leptospira  are  dis- 
tributed throughout  the  body,  and  after  about  a 
week  they  may  be  found  in  the  urine.  Morpholog- 
ically, Leptospira  icterohemorrhagiae  are  thin, 
flexible,  tightly  coiled  organisms.  The  spirochetes 


Figure  2S.  Leptospira  is  viewed  with  darkfield. 
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CHAPTER  REVIEW  EXERCISES 

V 

The  following  exercises  are  study  aids.  Write  your  answers  in  pencil  in  the  space  provided  after  each 
exercise.  Immediate  after  completing  each  set  of  exercises,  check  your  responses  against  the  answers  for  that 
set.  Do  not  submit  your  answers  to  EC1  for  grading. 

CHAPTER  1 

Objectives:  To  learn  to  isolate,  differentiate,  arid  identify  the  various  Gram-positive  cocci  routinely  found  in 
clinical  specimens,  and  to  show  a  knowledge  of  how  and  when  to  use  special  test  procedures  to  aid  in  identifica- 
tion. 

t.    Why  are  staphylococci  the  most  frequently  isolated  organisms  in  bacteriology?  (1-4) 

\ 

*  #-  .  ■ 

2.   Staphylococcus  aureus  belongs  to  what  family?  ( 1  - 1 ) 


3.    What  causes  staphylococcal  food  poisoning?  (1-3)  / 


4.    What  are'the  oxygen  requirements  for  the  best  growth  of  characteristic  colonies  of  Staphylococcus  spp.? 
0-5) 


5.    What  vitamins  must  be  present  to  cultivate  Staphylococcus  aureus  on  synthetic  media?  (1-5) 


6.    Why  is  sodium  chloride  incorporated  into  mannitol-salt-agar?  (1-8) 
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7.    What  is  the  principle  of  the  cataiase  test?  (1-10) 


8.    What  is  staphylokinase?  (Mi) 


Why  must  the  coagulate  test  be  checked  at  30-minute  intervals?  (1-11) 


10.    An  organism  that  divides  in  three  planes  during  reproduction  to  form  "packets"  of  eight  cells  most  likely 
belongs  to  what  genus?  ( 1  - 1 3) 


11.    In  phage  typing,  what  is  another  name  for  the  clear  area  formed  as  a  result  of  the  added  bacteriophage?* 
(1-15) 


1 2.    What  phage  types  of  Staphylococcus  aureus  have  been  associated  with  outbreaks  of  "hospital  staph" 
infections?  (1-16)  * 


13.    In  the  famt$  Lactobacillaceae,  which  two  genera  are  of  medical  importance  to  bacteriologists?  (2-2) 


What  enrichment  is  essential  for  a  medium  to  support  the  growth  ofcmosfcpathogenic  streptococci?  (2-5) 


Which  colony  characteristic  of  Streptococcus  spp.  gives  an  indication  of  pathogenicity  and  offers  the  best 
tentative  means  of  separating  types?  (2-6) 


How  does  alpha  hemolysis  differ  from  beta  hemolysis?  (2-6) 


What  is  streptokinase?  (2-8) 

\ 


The  skin  rash  of  scarlet  fever  is  a  result  of  the  production  of  what  type  toxin  by  streptococci?  (2-8) 


Of  the  several  schemes  for  classifying  the  streptococci,  two  of  the  more  widely  used  are  those  devised  by 
Lancefield  and  Sherman.  What  is  the  basic  difference  between  the  two  schemes?  (2-9) 


Which  of  the  two  methods  for  classifying  Streptococcus  spp.'is  based  on  the  antigenic  structure  of  the 
organism?  (2-9)  y  © 


■  ■. .  :,  ■     ■ '  f  <  •  ■  ■ 

21:    The  letters  A  through  0  when  used  with  the  streptococci  name  indicate  that  the  organism  was  classified 
according  to  which  scheme?  (2-10)  '  , 


22.    Beta  hemolytic  streptococci  are  generally  classified  by  the  Sherman  method  as  what  group?  (2-1 1)  ^ 


23.    What  separates  members  of  the  Sherman  enterococcus  group  from  members  of  the  other  groups?  (2-12) 


24.    The  Bacitracin  screening  technique  would  show  that  the  orga^jsms  are  sensitive  (susceptible)  to  Bacitracis 
if  they  belong  to  which  Lancefield  group?  (2-15) 


25.    SF  brbth  is  used  to  grow  organisms  belonging  to  which  Lancefield  group?  (2-1 6) 


26.    What  is  the  principle  of  using  sodium  hippurate  broth  to  differentiate  between  Lancefield's  group  B  from 
A,  C,  and  D?  (2-16) 


27.    Small  Gram:positive,  slightly  elongated  cocci  arranged  in  pairs  most  likely  belong  to  what  genus?  (3-4) 


27 


>.    When  grown  on  blood^gar  in  a  candle  jar,'  typical  virulent  strains  of  pneumococci  form  what  kind  of 
colonies?  (3-7)  t 


*  * 

29 •    ^ulence  tfWptococcus  pneumoniae  is,  in  part,  dependen^upon  what  section  of  the  bacterial  cell? 


<3-5'8> 


30.    When  describing  the  colonies  of  D.  pneumoniae,  what  do  the  letters  M, S, and  R  stand  fof?  (3-8) 


3 1 .    What  are  two  tests  that  can  be  used  to  help  identify  D.  pneumoniae?  (3-9) 


32.    What  is  the  NeufeJd-Quellung  reaction?  (3-10) 


33.    What  are  the  three  varieties  of  medical  importance  of  Corynebacterium  diphtheriae?  (4- 1 ) 


34.    What  is  another  term  that  is  used  in  referring  to  Corynebacterium  diphtheriticum?  (4-1 ) 
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35.    How  are  the  Corynebacterium  diphtheriae  organisms  spread?  (4-2) 
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.>(>.    When  attempting  to  confirm  a  diagnosis  of  diphtheria  what  is  the  specimen  of  choice?  (4-3) 


37,    What  causes  the  pleomorphism  that  you  see  on  examining  a  Gram  stain  of  corynebacterium? 


38.    Which  two  agars  are  recommended  for  the  cultivatibn  of  C  diphtheriae?  (4-6) 


39.  How  can  the  species  Corynebacterium  diphtheriae  be  identified  with  certainty?  (4.-9) 

40.  For  what  is  Klebs-Loeffler  (KL)  medium  used?  (4-10) 


41 .    Which  anaerobic  diphtheroid  is  often  confused  with  Actinomyces?  (4-F1) 


27, 


i 

42.    What  is  the  etiologic  agent  of'"glandular  fever"  of  children?  (5- 1 , 2) 


* 

4* 


♦ 

43,  Listeria  monocytogenes  belongs  to  what  familv^5-2)  '  , 

*       f  * 

44.  Which  tests  help  differentiate  Listeria  monocytogenes  from  the  diphtheroids?  ( 5-6) 


45.    Erysipelothrix  insidiosa  belongs  to  what  family?  (6-1 ) 


46.    Because  Erysipelothrix  insidiosa  grows  poorly  on  simple  media,  what  must  be  added  to  enhance  its 
growth?  (6-3)      ^  - 


47.    What  makes  Bacillus  megaterium  of  importance  in» medical  bacteriology?  (7-1 ) 


48.    What  is  anthrax?  (7-2) 
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44>     Large  Cram-positive,  sporeforming  rods  are  members  of  what  genus?  (7-6)  A 


i 


50     Members  ot  the  genus  Clostridium  belong  to  which  family?  (8-1 ) 


51,    Of  the  six  antigenic  types  of  CL  botulinum,  which  ones  usually  affect  man?  (8-6) 


52.    Which  one  of  the  organisms  CL  perfringens,  CL  tepticum,  Cl  'novyU  andr7.  botulinum  is  most  likely  to 
cause  disease?  (8-7)  -  , 


*>  - 

53     Why  is  direct  examination  of  suspected  foods  in  pases  of  botulism  of  little  value  1h  identifying  the 
organism?  (8-12)  ' 


\ 


54     Suppose  you  are  stationed  at  a  small  hospital  or  dispensary  laboratory  where  there  is  no  equipment 
available  to  make  an  anaerobic  environment  for  petri  dish  cultures.  The  physician  comes  to  you  with  a 
suspected  case  of  gas  gangrene.  Under  these  circumstance* how' would  you  culture  the  specimen'for 
Clostridium  spp.?  (8-13)'  •  x" 


-  1 

55 .    What  is  another  name  given  to  the  double  zone  of  hemolysis  which  may  'develop  in  Clostridium  perfringens 
'  colonies?  (8-14) 

,  .         -  9. 


J 

56.    What  is  the  best  way  to  differentiate  Bacillus  spp.  from  Clostridium?  (8-14, 17) 


•  \ 

s 

CHAPTER  2 

Objectives:  To  Team  to  isolate,  differentiate,  and  identify  the  various  Gram-negative  cocci  and  coccoid  organisms 
which  may  be  isolated  from  various  clinical  specimens;  to  show  a  knowledge  of  how  to  use  and  interpret  the 
various  tests  necessary  for  the  identification  of  these  organisms.  f  * 

I .  .jjjfhich  two  Neisseria  species  are  human  pathogens?  (9- 1 ) 


2.    Why  is  the  incidence  of  gonorrheal  conjunctivitis  of  infants  so  low  in  the  United  States?  (9-2) 


.  3.    What  js«  the  major  portal  of  entry  for  meningococci^(9-3) 

if 

I 


4,    Of  the  four  serological  groups,  which  contains  the  majority  of  meningococci  responsible  for  epidemics? 
(90)         .  b  * 


5,    If  no  urethral  discharge  is  present  in  a  male  suspected  of  having  gonorrhea,  how  can  a  diagnosis  best  be 
made?  (9-7)  •    .     "  * 

'  •  L 

...    .  ■  .        ■  r 


1  V 

(>     To  determine  whether  or  not  gonorrhea  is  present  in  a  female,  where  should  a  specimen  be  collected  for  * 
culture?  (9-7) 


r 

7.    To  cultivate  ,V.  gonorrhoeae  or  .V.  meningitidis,  chocolate  agar  must  be  supplemented  with  one  of  which 
two  ingredients?  (Q-Q) 


8.    Why  is  the  Thayer-Martin  medium  such  a  gtood  medium  to  use  for  culturing  the  menirJgococci  and  the 
gonococci?  (9-10)  -<n 


9.    What  is  the  optimum  growth  temperature  for  pathogenic  N.  gonorrhoeae?  (9«l  1  >• 


10.    Which  of  N.  flavescens,  iV.  subJJava,  /V.  per/lava,  and  N.  gonorrhoeae  does  not  usually  produce  a  yellow  or 
yellow-green  pigment?  (9- 1 2)  t 


9 
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1 1 .    Why  should  carbohydrate  fermentation  studies  be  performed  under  normal  atmospheric  conditions  and 
not  under  increased  C02  ?  (9-13) 


1 2.    The  oxidase  test  is  used  to  determine  the  presence  of  whit?  (9*14) 


1 1 


13.    How  can  confirmation  of  a  Neisseria  species  be  accomplished?  (9-1 4) 


7 


14.    Although  Bergey's  Manual  (7th  ed.)  lists  six  species  of  Veillonella.  which  one  has  been  more  clearl> 
characterized?  (10-1)  li 


ire  clearly 


15.    What  are  the  oxygen  requirements  of  members  of  the  gjnus  Veillonella?  (10-1,3) 


♦  . 

16.    To  which  tribe  do  the  generaMma,  Herellea,  and  Moraxella  belong?  (1 1-1) 


17.    Which  of  the  mimae  is  most  easily  confused  with  the  neisseriae?  (11  -2) 


1 8.    What  is  the  nameof  the  one  recognized  species  of  the  genus  Herellea? 


1 9.  -HOw^can  members  of  the  genus  Herellea  be  differentiated  between  Neisseria  spp.  and  the  Mima  and 
Moraxella  spp.?  (1 1-3, 6)  / 


20.    Why  can  tyacConkey  and  EMB  agar  be  used  to  differentiate  between  Neisseria  spp.  and  the  Mima  and 
HereUea  stfh  (11-6) 


7- 


21 .    in  order  to  cultivate  members  of  the  genus  Mycoplasma* what  ingredients  should  be  added  to  media? 

(12-3) 

r 


22.    Recognition  of  the  PPLO  group  is  generally  based  on  what?  (12-4) 


23!    With  what  organisms  are  "mulberry"  type  colonies  generally  associated?  (1 2-4 J 


24.    Identification  of  the  colonies  of  the  PPLO  is  best  done  by  using  which  staining  technique?  (12-5) 


25,    Are  the  stains  decolorized  by  PPL  organisms  when  special  staining  techniques  are  used?  (1 2-5) 


CHAPTER  3 

Objectives:  To  learn  td  isolate,  differentiate,  and  identify  the  various  small  Gram-negative  bacilli  found  in 
clinical  spfccjjmem  and  to  show  a  knowledge  of  how  to  use  the  varfbus  biochemical  test  procedures  needed  for 
identification  of  these  organisms. 

I .    What  is  the  causative  agent  of  human  plague?«(l  3-1 )  k 


2.    What  is  the  most  likely  cause  of  hemorrhagic  septicemia  in  man^Oi-Z) 


3.    If  plague  is  suspected,  what  type  of  specimen  should  be  submitted  for  culture?  (13-4, 5) 


4.    More  abundant  growth  at  room  temperature  than  at  37°  C.  helps  identify  whiSh  Pasteurella  spp.?  (13-8) 


5.  Cultivation  of  Francisella  tularensis  is  best  accomplished  by  using  which  medium?  (1 3-10) 

6,  Primary  growth  of  Fr.  tularensis  from  blood  cultures  requites  how  many  days?  (13-10) 


7.    For  growth  on  laboratory  media.  Hemophilus  species  must  have  one  or  the  other,  or  both,  of  w(iat  two 
compounds?  (14-2)  . 


4 
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8.    Of  the  X  and  V  factors,  which  is  heat  stab&and  which  is  heat  labile?  (14-2) 


f 


9.    When  attempting  to  isolate  Hemophilus  species,  why  is  sheep  blood  not  recommended?  ( 1 4-5)^ 


-  \ 

V 

10..  Why  is  the  V  factor  adHed  after  blood  agar  has  been  converted  to  chocolate  agar?  (14-5) 


11.    If  enrichment  supplements  are  not  available,  bow  can  blood  agar  plates  be  used  to  cultivate  Hemophilus 
,  species?  ( 14-6)  ^ 


1 2*   What  is  iheant  by  "satellitisnT?  (14-6) 


13.    In  what  type 


of  colonie£*i*  capsrtles  most  likely  to  be  seen  from  cultures  of//,  influenzae?  (14-8) 


14.    What  is  the  etiologic  agent  of  fc<pink  eye"?  (14-8) 


.15 
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15.    What  is  the  etologic  agent  of  "chancroid"?  ( 1 4-9) 


J    16.    How  may  the  five  stories  of  Hemophilus-xhzt  we  have  studied  be  best  differentiated?  (l4-l  1)' 


,17.    How  do  members  of  the  geniis 


froij  those  of  the  genus  Hemophilus?  (1^-13) 


18.    Describe  Bordetella  pertussis  as  to  their  sporcforming  and  motility  ability.  (14-15) 


19.    What  three  major  ingredients  are  found  in  Bordet-Gengou  media?  (14-16) 


20.    Cough  plates  should  be  incubated  and  examined  pfter  how  many  days?  (14-16) 


21 .    Mercury  drop  or  bisected  pearl  colonies  on  glycine-potato-blood  agar  are  descriptive  of  which" organism? 

(1«6)>.\.  *  # 


What  t%«ut  te<t\  wan  be  useil  t»>  help  dirtetyntiate  S  [Wussfc  from  the  other  two  species?  (14-18), 


2HI 


16  - 


/  4 


2.*     Wluti  causes  die  brown isn  hemolysis  ol ten  seen  surrounding  colonics  ol7J.  parapertussis  when  grown  on 
Moult  iJ\)^>\\  MU^hum''  {  \  \  \X)  * 


24.    Undulant  fever  is  caused  by  members  of  what  gqnus?  (15-1) 


25 .    How  does  man  generally  become  infect9ed<avith  brucellosis?  (15-2) 


26?-  What  is  the  specimen  of  choice  for  isolating  brucella  organisms  from  an  infected  person?  (15-5) 


27.    Which  of  the  Brucella  spp.  can  only  b,e  cultivated  in  an  atmosphere  containing  5  to  10  percent  (Sl^  ? 

(15-5)  -     '  ■     *  . 


2&.    How  may  the  three  colony  types  (S,  R,  M)  of  Brucella  spp.  be  easily  identified3r(15*6) 


29.    Urea  is  hy  rolled  raftW  rapidly  by  which  species  of  Brucella.  (15-8) 


11 


Actinobacillus  mallei  is  the  etiologic  agent  for  what  disease?  (16-2) 


31 .    A  physician  sends  a  male  patient  to  the  laboratory  for  a  darkfield  examination.  The  patient  has  a  history 
of  recent  sexual  contact  and  an  ulcerative  legion  of  the  genital  area.  The  darkfield  examination  is  negative, 
•  The  physician  says  that  it  may  be  a  case  of  granuloma  inguinale  and  he  wants  yo'u  to  run  an  examination 
for  the  etiologic  agent.  What  is  the  name  of  the  organism  and  how  would  you  perform  the  examination? 
(16-6-8) 


32.    What  is  the  L  form  of  Streptobacillus  moniliformis?  (16-11) 


CHAPTER  4 

Objectives:  To  know  how  to  isolate,  differentiate,  and  identify  the  various  enteric  organisms  found  in  clinical 
specimens,  and  to  show  a  knowledge  of  how  to  use  and  interpret  the  various  biomedical  tests  needed  for  the 
proper  identification  of  the  enteric  organisms. 

1 .    Most  enteric  organisms  belong  to  what  family?  ( 1 7*2,  3)* 


2.    What  tests  are  used  to  determine  the  IMViC  reaction?  (17-5) 


3.    Why  are  stool  specimens  inoculated  to  an  enrichment  broth  such  as  selenite  F  or  tetrathionate?  (17-8) 


4. 


Are  MacConkey,  SalmonellaShigella,  bismuth  sulfite,  and  desoxycholate  all  considered  selective  media? 
If  not,  which  are  not?  (17-9) 


5.    How  do  eosin-methylene  blue  and  MacConkey  agars  provide  for  the  differentiation  of  lactose  and  non- 
lactose  fermenting  organisms?  (1 7-9) 


6.    Which  of  the  following  is  found  in  TSI  agar  and  not  in  Kligler's  iron  agar:  lactose,  sucrose,  glucose,  or  an 
iron  compound?  (17-10,  11)  x 

/ 


7.    Of  Vibrio  cholerae,  Salmonella  spp.,  and  Shigella  spp.,  which  requires  a  more  alkaline  medium  in  order  to 
i  be  cultivated?  (17-15)  f 


8.    How  many  enterics  produce  sprfres  under  the  right  conditions?  (17-15) 


9.    What  type  organisms  are  found  in  the  Alkalescens-Dispar  (A-D)  group?  (18-2) 


"10.    What  is  there  about  Shigella  dysenteriae  that  makes  infectionjwith  it  so  serious?  (18-4) 
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1 1 .    Nonlactose  fermenting^,  coli  can  be  confused  with  which  organisms?  (18-7) 


1 2.    What  color  indicates  an  alkaline  reaction  at  the  slant  butt  junction  of  an  acid  citrate-mannitol  agar?  (1 8-7) 


13.    Of  Eschericfya  coli,  Alkalescense-Dispqr  group,  sfngella  spp.,  and  Escherichia  coli,  which  gives  a  positive 
citrate-mannitol  agar  reaction?  (18-8)  «  ^ 


1 4.    Organisms  of  the  Salmonella-Arizona-Gtrobacter  division  are  separated  taxonomically  from  the  Shigella- 
Escherichia  division'on  the  fcasis  of  which  tests?  (18-9) 

c 


1 5.    Which  two  tests  help  separate  the  Proteus-Providence  division       the  other  division?  ( 1 8-9) 


16.    Blood  cultures  taken  for  the  purpose  of  detecting  enteric  feveis  are  usually  of  value  when  taken  how  long 
after  the  patient  becomes  infected?  ( 1 8- 1 1 ) 


17.    Which  of  the  Salmonella  species  is  most  oftervfoundas  the  cause  of  gastroenteritis  in  man?  (jl  8- 12) 
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18.    Baracolobactrum  intermedium  is  commonly  referred  fb  as  what?  (18-14) 


19;  ^  How  can  Citrobacter  be  differentiated  from  Escherichia  coli?  (1 8-14) 


20.  Members  of  the  genus  Edwardsiella  were  earlier  referred  to  as  what?  (18-1 5) 

•  * 

21 .  What  is  also  known  as  Friedlander's  bacillus?  (18-18) 


22.    The  nonmotile  grains  Of  the  genus  Aerobacter  are  now  considered  under  which  name?  (18-1,9)  [  ■/ 

•  w  v  ■     ■  ' 


23.    What  new  generic  name  is  given  for  the*  motile  strain  of  Aerobacter  spp.?  (18-19) 


24.    TheMafhia  group  of  enterics  is  a  subgroup  of  which  genus?  (18-19) 

0 


25.    Why  is  the  genus  Serratia  of  importance  if  it  is  a  saprophyte  generally  found  in  soil,  water,  milk,  and  food? 

(18-20)  y-       -  * 


26.    How  can  you  prevent  the  swarming  phenomenon  of  Proteus  spp.  on  media?  ( 1 8-22) 


27.  What  organism  is  generally  associated  with  "Summer  diarrhea"of  children?  (i  8-23) 

■    '  •   '   •,         '        ..  . 

28.  Although  members  of  the  gcnUs  Proteu's  and«he  Providence  group  are  closely  related,  they  can  be  easily 
.   separated  oh  the  basis  of  what  simple  test  procedure?  (1 8-24, 25) 


29    viwS falhat?7l 8%laCt08e  reaCti°n       3  P0SiUVe  8lUC0Se  rCaCti0n  m  3  tube  °f  trip,e  sugar  iron  a8ar 


X 

30.    Whajt  is  the  Weil-Felix  reaction?  (1 8-27) 


31.    Why*  can't  serological  grouping  be  relied  upon  to  distinguish  between  the  genera  Proteus,  Salmonella,  and 
f  Escherichia?  (18-28) 


32.  How 
family 


is  glucose  fermentation  used  to  differentiate*members  of  the  family  AChromobacteraceae  from  the 
'  Enterobacteriaceae?  (19-2)        .  «  ^X* 


33.    Ot  Alcaligenes'Jecalis.  Escherichia  coli,  Pseudomonas  aeruginosa,  and  Edwardsiella  tarda,  which  belongs 
to  the  fairiily  Achromobacteraecae?  (19-2)  3  * 


34.    Entericlike  organisms  which  produce  a  water  soluble  pigment  and  show  an  alkaline  throughout  TSI 
reaction  probably  beloog  to  what  fcejius?  (194) 


35 .    What  is  the  genus  and  species  name  of  an  organism  of  the  family  Spirillaceae  that  causes  one  form  of 
"rat-bite  fever"?  ( 1.9-8)  . 


36.    Morphological  ceils  of  the  genus  Vibrio  usually  appear  in  what  form?  (19-8,  1 1) 


37.    If  you  are  to  Gram-stain  feces  for  the  vibrio  organisms,  which  part  of  the  stool  should  be  picked.  (19-10) 


CHAPTER  5 


Objectives:  To  learn  to  isolate,  differentiate,  and  identify  the  more  common  acid-fast  bacilli  found  in  clinical 
specimens'and  to  show  a  knowledge  of  how  to  usfciShyd  interpret  the  various  biomedical  tests  needed  to  properly 
identify  the  various  acid-fast  bacilli. '  , 

I.    To  which  family  does  the  genus Nocardia  belong?  (lntro.-2)  ' 


\ 


2.    What  q^pid-fast  organism  can  be  easily  isolated  from  the  human  mouth?  (Intro.4) 

i      *  « 


3.    Hansen's  bacillus  is  another  name  for  which  mycobacterium?  (20-l>> 


\ 


4.    Besides  Mycobacterium  tuberculosis,  wha,t  organism  tm-principal  cause  of  human,  tuberculosis?  ( 20-5 ) 


L 


5.    How  is  bovine  tuberculosis  usually  transmitted  tq  man?  (20-6) 


6.    Bloodstream  dissemination  of  the  tubercle  bacilli  can  result  in  what  kind  of  tuberculosis?  (20-7) 


7.  *  Identify  the  Runyon  classification.  (20-10). 


8.    The  mycobacteria  which  form  a  yellow  pigment  in  the  presenccof  light  are felaced  in  which  Runyon 
Group?  (20-11)  l.  '  J 


r  2SJ 
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.  The  "Battey  Jjarillf  is  a  tefm  applied  to  the  mycobacteria  of  which  Runyon  Group?  (20-1 2) 


\  '  * 

10.    Of  M.  phlei.  M  kansasi^  M.  scrofulaceum.  and  M.  fortuitum.  which  is  generally  considered  to  be  a 

saprophyte?  (20-1 1  A3) 


1 1,    Which  of  the  mycobac^erium  is  commonly  called  the  "timothy  grass  bacillus"?  (20-13) 


1 2.    According  to  the  National  Tuberculosis  Association,  how  should  an  AFB  smear  be  reported  if  ten  or  more 
cells  per  slide  are  seen?  (21-3) 


13.    According  to  the  National  Tuberculosis  Association,  if  less  than  three  positive  fields  are  found  on  an 
AFB  slide,  what  should  you  do?  (21-3) 


14.    Describe  the  colony  texture  appearance  of  the  typical  human  tubercle  bacillus  on  Petragmani's  media. 
(4 1-4)  , 


1 5.%  The  atypical  group  of  mycobacteria  can  usually  be  differentiated  from  the  human,  avian,  and  bovine 
species  on  the  basis  of  growth  at  what  temperature?  (21-6)  r 
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16.    What  three  media  are  recommended  for  the  cultivation  of  the  mycobacteria?  (2 1-7, 8) 


'  .17,   What  are  the  principal  growth  constituents  found  in  the  enriched  media  usually  used  to  cultivate  the 
mycobacteria?  (21-7)      -  •  0 


18.    tfhat  are  the  advantages  of  using  Middlebrook  7H10  fcfear  over  Petragnanfs  agar?  (21-8) 


19.    How  can  the  pathogenicity  of  the  mycobacteria  be  best  determined?  (22-1) 

M  \  ' 


20.    What  is  the  name  of  the  test  used  to  detect  formation  of  nicotinic  acid?  (22-2) 


21 .    When  testing  for  niacin  production  and  aniline  and  cyanogen  bromide  reagents  are  added,  what  color  is 
found  in  a  positive  test?  (22-3) 


22.    With  reference  to  the  catalase  reaction,  what  can  be  said  of  all'of  the  acid-fast  bacilli  studied?  (224) 


23i 


23.    A  medium  containing  tripotassium  phenolphthalein  disulfate  is  used  to  perform  which  biochemical  test 
for  differentiating  the  frtycobacteria?  (22-6)         #  ^ 


24.    Wliat  is  the  minimum  number  of  acid-fast  bacilli  that  must  be  seen  on  a  direct  smear  in  order  to  do  an 
accurate,  direct  antibiotic  susceptibility  test?'(22-9)    '  *  >       ,  * 


25.    What  is  used  as  the  basis  for  determining  the  dilution  factor  to  be  used  for  testing  acid-fast  organisms' 
antibiotic  susceptibility?  (22-9,  10)  «. 


26.    Which  three  drugs  are  usually  used  for  the  initial  antibiotic  susceptibility  test?  (22-10) 


CHAPTER  6 


Objective:  To  isolate,  differentiate,  and  identify  the  variot  s  spitochete  forms  of  bacteria  found  in  the  clinical 


laboratory,  and  to  show  a  knowledge  of  how  and  when  t© 


use  special  tests  to  aid  in  their  identification. 


1 .    The  diseases  yaws  and  relapsing  fever  are^caused  by  srganisms  belonging  to  what  family?  (Intro.- 1,  5) 


2.    What  are  the  three  distinguishing  properties  of  the  genera  found  in  the  family  Treponemataceae?  (Intro.-6) 


3.    Which  of  the  Borrelia  spp.  causes\ilcerative  stormatitis?  (23-1) 
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4.    Which  of  the  three  genera  of  the  family  Treponemataceae  can  be  easily  stained  with  the  Gram  stain 
-  technique?  (23-4)  % 

.  .     *  v  -  '  •  - 


5,    To  cause  the  disease  "trench  mouth;*  a  fusiform  bacilli  must  be  present  with  what  organism?  (23-7, 9, 10) 


6.    Yaws  is  caused  by  what  organism?  (24-1 ) 


/ 


\    DuriA  which  of  the  three  stages  of  syphilis  does  the  chancre  usually  first  appekr?  (24-*3) 


.    How  is  primary  syphilis  generally-diagno&d?  (24-3) 


During, the  secondary  stage  of  syphilis  where  may  the  spirochetes  of  Trpallidum  be  isolated?  (24-4) 

\       '  ■ 


Describe  the  organism  Treponema  pallidum.  (24-5) 


1 1 1   Why  is  the  spirochete  of  Treponema  pallidum  difficult  to  sttin  with  Gram  stain?  (24-6) 


'    •  1  ,         ••       •  ' 

12.    Why  should  you  have  a  brief  interview,  with  a  patient  prior  to  performing  a  darkfield  examination? 
(24-10)      •  '  -  '         ■     *  - 


1 3.  "Weil's  disease"  is  caused  by  members  of  what  genus?  (25-2)  * 

14.  Wfcat  is  the  major  characteristic  peculiar  to  the  spirochete  of  Leptospira  icterohemorrhagiae?  (25^) 


15.    Which  of  the  three  genera  of  the  family  Treponema taceae  can  be  cultivated  artificially?  (23-6;  24-7;  25-6) 

ft  w 

4 


16.    For  cultivation  of  L.  icterohemorrhagiae  what  specimens  are  required?  (25-6) 

r  .  1/ 


17. ,  At  what  time  period  during  infection  with  L.  icterohemorrhagiae  do  serological  tests  yield  the  best  results? 
*  (25-6)  1  .  * 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 
CHAPTER  1 

1 .  They  are  found  in  the  air,  on  dust  particles,  and  on  the  bojiy^  ( 1  -1 ) 

2.  Micrococcaceae.  (1-1)  '      «  - 

i 

3.  Ingesting  food  that  contains  significant  amounts  ojf  the  heat  stable  exotoxin  produced  by  Staphylococcus 
spp.  The  toxin  is  rapidly  absorbed  by  the  intestinal  mucosa-,  resulting  in  acute  symptoms.  (1-3) 

♦ 

4.  Characteristic  colonies  grow-bs§t  under  aerobic  conditions,  but  growth  "will  take  place  in  an  anaerobic 
envirofirtiertt  if  hydrogen  and  uracil  are  present.  (1-5)  •* 

5.  Thiamin  and  nicotinic? acid.  (l-5)r  # 

»  6.  A  lilgh  concentration  of  sodium  chloride  in  mannitol-salt-agar  is  inhibitory  Jo  most  organisms.  (1-8) 

7.  Catalase  liberates  oxygen  from  hydrogen  peroxide.  (1-10)  *  v 

8.  Staphylokinase  is  an  enzyme  produced  by  some  staphylococci  and  has  the  ability  to  dissolve  clots.  (1-11) 

9.  To  prevent  reporting  of  false  negative  reactions.  (1-1 1)  ^ 

10.  Sarcina  spp.  (1-13) 

11.  Plaque.  (1-15) 

12.  Phage  types  80  and  81.  (1-16) 

13.  Streptococcus  and  Peptostreptococcus.  (2-2)       -  " 

14^   Blood.  (2-5)     ■  (L  .  V 

15.  Hemolysis  (alpha  and  beta).  [2-6)  " 

16.  With  beta  hemolysis  there  is  complete  destruction  of  the  red  blood  cells  immediately  surrounding  the 
colony.  With  alpl^  hemolysis,  the  zone  of  hemolysis  has  irreguleu'edges  and  may  contain  partially 
destroyed  red  blood  cells.  (2-6)  ) 

1 7.  Streptokinase  is  an  enzyme  produced  by  some  streptococci  and  is  capable  of  breaking  down  fibrin  clots. 
(2-8)o  '  *  „ 

18.  Erythrogenic  toxins.  (2-8)  , 

19.  Tfie  Lanceftdd  classification  is  based  on  the  antigenic  strucjure  of  the  organ  Jnfs,  The  composition  of  a 
carbohydrate\ntigen-"C"  substance-is  different  for  each  immunologic  group.  ^-9) 

20.  Lancefield.  (2-9)\ 
2L  Lancefield.  (2-W 
22..  Pyogerts.(2-ll) 

23.  Members  of  the  enterococcus  group  grow  well  in  a  broth  containing  a  high  salt  content.  (2-12) 

24.  Group  A.  (2-15)  * 

25.  Group  D.  (2- 16).  "      *  * 

26.  Sodium  hippurateis  hydrolyzed  to  benzoic  acid.  Benzbicjacid  is  then  tested  for  using*  12  percent  ferric 
chloride  solution.  (^-16)  N 

27.  Diplococcus.  (3-4)  \  ♦       *  . 
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33. 
34. 
35. 
36. 

•37. 
38. 
39. 
40. 
41. 
42. 
43/ 
'44. 
45. 
46. 
47. 
48. 

49. 
50. 
51. 
52. 
53. 

54. 


55. 
56. 


Flat,  smooth,  slimy,  and  transparent  colonies  are  formed.  (3-7) 
Thecapsifie^(3-5,-8) 
M  «  mucokl;  S  =  smooth;  and  R  =  rough.  (3-8)  » 
Sodiuntdgsoxycholate  (or  bile)  antfoptochin  (or  Taxo  P® ).  (3-9) 

The  Neufeld-Quellung  reaction  is  a  procedure  whereby  an  organism  is  exposed  to  a  type-specific  antisera 
and  the  organism  reacts  by  swelling.  (3-10) 

Gravis,  intermedius,  and  mitis.  (4-1) 

>  •  .  i.  ■ 

Corynebacterium  hoffmanii.  (4-1)  "* 

By  nasal  droplets,  oral  spray;  or  b^directcontact.  (4-2) 

f 

Material  from  lesions  and/or  pseudomembranes  in  the  throat  usually  yield  large  numbers  of  the  character- 
*  istic  bacilli.  {4-3)  f  * 

Irregular  distribution  of  cytoplasmic  granules.  (4-4)         #  V 
Loeffler's  serum  slants  and  potassium  tellurite  agar.  (4-6) 
By  demonstrating  the  production  of  toxins.  (4-9) 
For  in-vitro  virulence  testing.  (4-10) 
C.  acnes.  (4-11)     *  ■ 
Listeria  monocytogenes.  (5-1 ,2) 
Corynebacteriaceae.  (5-2)  * 

Catalase,  motility,  and' metachromatic  granules.  (5-6) 
Corynebacteriaceae.  (6-1) 
Serum  or  glucose.  (6-3) 

A  megaterium  is  a  saprophyte  which  closely  resembles  A  anthracis.  (7-1) 

Anthrax  is  primarily  a  disease  of  herbivorous  animals.  For  man  it  is  an  occupttibnal  disease  found  most 
often  m  persons  dealing  with  infected  animals.  (7-2) 

Bacillus.  (7-6) 

Bacillaceae*.  (8-1) 

Types  A  and  E.  (8-6) 

CI.  perfringens.  (8-7) 

Direct  examination  is  of  little  value  because  very  fe\v  organisms  are  ordiiwily  present  in  such  specimens 
(8-12)         .  ' 

Inoculate  the  lower  portion  of  a  tube  of  thioglycollate  medium  containing  0.6  percent  glucose  with  the 
specimen  and  incubate  at  37°  C  As  you  know,  this  medium  should  be  Available  at  any  size  laboratory. 
This  medium  affords  the  nutritive  and  anaerobic  requirements  for  Clostridium  spp.  At  37°  C.  the 
organisms  grow  well  in  the  depths  of  the-thioglycollate 'medium.  (8- 1 3) 

A  "target."  (8-Hf) 

Culture  the  organisms  aerobically  and  anaerobically.  Bacillus  spp.  and  Clostridium  spp.  are  both  Gram- 
positive  rods;  however,  Bacillus  spp.  are  aerobes  whereas  Clostridium  spp.  are  obligate  anaerobes 
(8-14,17) 
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CHAPTER  2  ' 


I  A',  gonorrhoeae  and  A',  meningitidis.  (9-1)  , 

2.  Because  of  the  legal  requirement  that  as  a  preventive  measure  suitable  medication  be  applied  to  the  eyes 
ut  all  newborn.  (9-2)  .  •  ,  - 

3.  Nasopharynx.  (9-3)  *  $ 

4.  Group  A.  (9-3)        *  f  -.' 

5.  By  collecting  and  culturing  the  first  5  to  JO  ml,  of  a  morning  urine.  (9-7) 
o.  From  the  cervix  or  urethra.  (9-7) '  % 

7.  Yeast  or  liver^xtract.  (9*9)  . 

8.  Thayer-xnartin  medium  greatly  suppresses  saprophytic  Neisseria  species,  Also;  Mima  organisms,  which 
often  are  confused  for  the  gonococci,  are  suppre'ssed.  (9^10) 

9.  35°  to  36°  C,  (9-11)  v  * 

\0.  yV.  gonorrhoeae.  (9*1 2j)  •  ;. 

I  i .  Absorption  of  C02  bf  the  carbohydrate  medium  is  accompanied  by^drop  in  pH,  Resulting  in  false 
positive  reactions.  (9-1 3)  , 

12.  °  Cytochrome  oxidase.  (9-14) 

13.  By  the  aid  of  carbohydrate  reactions.  (9-14)  -  ^ 

14.  Vxeillomlta  alcalescens,  (10-1)  -  M 

15.  -  Anaerobes.  (10-1,3)  •  ■'  - 

16.  Tribe  Mimeae.  (11-1)  .  f 

1 7.  Mima  polymorpha  var.  oxidans.  (11-2) 

18.  Herellea  vaginicofa  (1.1 -3 J  "  • 

1 9.  Members  of  the  genus  Herellea  oxidize  xylose,  whereas  Mima  and  Moraxella  do  not.  (1 1-3, 6) 

a  20.  Mtist  Neisseria  spp.  fail  to  grow,  whereas  AT/ma  and  Herellea  species  will  grow  on  this  agar.  (1 1-6) 

21  20  to/30  percent  ascitic  fluid  or  10  percent  horse  serum.  (12-3)  ^ 

22.  Colon^characteristics.  (12-4)  *  .  * 

23.  PPLOs.(12-4)  "  k     ■  f 

24.  Dienes' staining  method.  (12-5) 

25.  PPL  organisms  do  not  decolorize  the  stain:  (12-5)    .  '  ° 


CHAPTER  3 


1 .  Pasreurella  pest  is.  (13-1) 

2.  Pasteureila  muitocida.  0  3-2) 


>.    If  bubonic  plague  is  suspected,  material  aspirated  from  btiboes^should  be  submitted,  If  pneumonic  plague 
is  suspe^^tetl^pM^^hould  be  submitted.  Blood  specimens  may  also  be  cultured  in  cases  of  suspected 
bubonic  plague.  (13-4,  5)  0 
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4. 
5. 

N  6- 
7. 
8. 
9. 
10. 

11. 


P.  pseudotuberculosis.  (13-8) 

Cy$tine-ghico«ie-blood  agar.  (13-10)  *  • 
^4  to  7  days.  (13-10)  '"  * 
Hemin  (X  factor)  and  phospho-pyridine  nucleotide  (V  factor).  (14-2)       >  *  r 

Xfactor  is  heat  stable  and  V  factor  is  heat  labile.  (14-2) 

Sheep  blood,£ontajns  some  factors  which  ar^Hhibitory  to  some  Hemophilus  spp.  (14-5) 

The  V-factdr,  being  heat  labile,  k  destroyed  at  the  temperature  required  to  convert  blood  agar  into 
chocolate  agar.  It  must,  therefore^be  added  as  a  supplement.  (14-5) . 

By  first  streaking  the  blood  agar  plaft  surface  with  the  suspected  Hemophilus  spp.  ?nd  then  iftaking  a 
single  streak  with  Staphylococcus  spp.  (]4-6)  + 

5  , 


12.    The  phenomenon  of  smaircblon^s  growing  only  in  clpse  proximity  to  another  colony  which  provides  the 
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smaller  colonies  with  the  squired  growth  factors  is  referred  tQ  as,"satellitism  "  (14-6)  * 
"Mucoid.  (14-8)  * 
Hemophilus  aegyptiuz  ( 1 4-8) 
Hemophilus  ducreyi,  ( 1 4-9) 

On  the  basis  of  X  and  V  factor  requirements  coupled  with  the  presence  or  absence  of  hemolysis.  (14-1 1) 

Bordetella  sppl  organisms  do  not  require  Xpr  V  factor,  whereas  Hemophilus  spp.  requires  X  or  V  or  both 
(14-13)  x  T 

Nonsporeforming  and  nonmotile,  (14-15) 

Glycine,  potato,  and  15  percent  blood.  (14:1! 

3  to  5  days.  (14-16) 

Bordetella  pertttssis.  (14-16) 

^  Citrate  utilization,  urease  production,  motility,  aVid  nitrate>reduct!bn.  (14-18) 
High  concentration  of  copper-containing  proteins\(yt4-l  8) 
Brucella.  (15-1) 

By  ingesting  contaminated  rsfw  milk  and  imprope^y\c^oked  meat  from  infecfed  animals.  (15-2) 
Blood  taken  during  the  febrile  stage.  (15-5) 
Brucella  abortus.  (15-5)  0 

By  using. a  1 : 2,000  solution  of  crystal  violet  to  stain  the^olonies.  (1 5-6) 
^ Brucella  suis.  (15-8) 
/Glanders  disease.  (16-2) 

. .    Calymmatobacterium  granulomatis  is  the  causative  organism.  Make  a  smear  of  the  Ulcerated  lesion'and 

stain  it  with  Wright's  stain.  Look  for  blue  bacilli  surroiSmded  by  a  well-defined,  dense  pink  capsule  inside 
L  qf  large  mononuclear  white  cells.  These  intracellular  organisms  are  reported  as  "Donovani  bodies."  The 
^organisms  cannot  be  isolated  on  ordinary  culture  media,  but  they  pari  be  grown  in  chick  embryo  tissues 
ahd'then  subcultured  to  artificial  media  such  as  beef-h/art-irtfusion  agar.  (16-6-8) 
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32.    The  L  form  is  a  colonial  variant  where  the  colony  grows  into  the  medium  and  cannot  usually  be  trans- 
ferred with  the  laboratory  loop. (16- il) 

v 

s  CHAPTER  4  V. 

\  |     Enterobacteriaceae.   (17-2t3)'  v 

2  IMole.  meih>l  te^?Va«ies-Prosk«iuer. and  citrate  (17-5) 

3  This  permits  certain  enteric  organising  L  eM  Salmonella  spp.  and  Shigella  spp.  to  multiply  at  the  expense 
of  nonpathogens.  ( !  7-8) 

4..  JMo,  MacConkey  is  not  a  selective  medium.^1 7-9)        i  *  ^ 

.5     Colors  are  based  on  a  change  of  pH  when  acids  are  produced  as  a  result  of  lactose  fermenlation.  This 
change  in  pH  affects  the  color  of  the  indicator  dye  present  in  the  agpr.  (17-9) 

*  ?  • 

6.  NSucrose.(l7-IO,  1  I)  •  „  ,  ^ 

7.  "    Vibrio  cholera^. X\l AS) 

8.  None;  all  enterics  are  nonspore  producers.  (17-1 5)-  ^ 

9.  The  A-D  category  contains  nonmotile  organisms,  thaft  are  essentially  slow  lactose-fermenting  £  coli  strains; 
yet  they  possess  the  serological  typeability  of  the  shigellae.  (18-2) 

)  0.    Shigella  dysenteriae.  in  additign  to  producing  a  powerful  endotoxin,  also  produces  an  exotoxin  • 
(neurotoxin).  ( 18-4) 

1 ! .  Shigella  spp.  and  the  A-D  group.  (18-7)     •  v  , 

12.  Blue  color.  (18-7)  <  ' 

13.  Escherichia  coli.  (18-8)       y  K  ' 

14.  Thf^MViC  reaction  and  H2S  production.  (18-9) 

15.  Urease  and  phenylalanine.  (18-9) 

16.  Blood  cultures  are  usually  positjve  only  during  the  first  and  second  week  of  infection.  (18-H) 

17.  5.  typhimurium.  (18-12)  < 
'18.  The  Bethesda-Ballerup  Group.  (18-14) 

19.  Citrobacter  is  an  H2S  producer  and  is  citrate  positive.  (18-14) 

20.  Barrholemew  organisms.  ( 1 8-1 5) 

2 1 .  Klebsiella  pneumoniae.  ( IS- 1 8) 

22.  Klebsiella  pneumoniae.  (18-19) 

23.  Enterobacher.  (18-19) 

24  Enterobacter.  (18-19)  <i\ ..' 

25  Members  of  the  genus  Serratia  have  been  implicated  in  hospital  infection  epidemic! and as  a  secondary 
invader  in  certain  types  of  lung  disease.  (1 8-20)  " 

26.  By  adding  chloral  hydrate  to  the  media,  or  by  using  rnWia  lacking  in  sodium  chloride^  or  by  using  media 
with  6  percent  agar.  (18-22)  / 

27.  Proteus  morganii^  (18-23) 
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28.  .l^pie  test.  (18-24, 25)  * 

29.  An  acid  butt  and  alkaline  slant.  (18-26)  *  v 

30.  The  Weil-Felix  reaction  is  a  name  applied  to  the  phenomenon  of  having  certain  str&ns  of  Proteus  spp. 
react  with  the  antibodies  formed  against  a  rickettsia.  (18-27)  <*f 

31 .  Because  the  similarity  $  0  antigens  can  result  in  cross  reactivity.  ( 1 8-28)  '  ' 

32..  Members  of  the  family  Achromobacteraceae  attack  glucose  only  under  aerobic  conditions,  whereas 

■  members  of  the  family  Enterobacteraceae  attack  glucose  anaerobically  as  well  as  aerobically.  (19-2) 

33.  Alcaiigenesfecalis.\\^l) 

34.  Pseudomonas.  (19-4) 

35.  Spirillum  minus.  (19-8) 

36.  ^Curved  or  comma-shaped  rods.  (19-8, 1 1)  ^ 

37.  Mucus  flecks.  (19-10) 

J  CHAPTER  5  *  . 

1.  '  Actinomycetaceae.  (Intro.-2) 

2.  Actinomyces  &ra*/ii.v(Intro*-4)  ' 
•3.    Mycobacteriurrikeprae.  (20-1)  \ 

4.  M.  bovis.  (20-5)  i 

j>":  ': 

5.  Through  the  oon^ption  of  raw  milk  or  inadequately  cd&ked  meat  from  infected  cattle.  (20-6) 

6.  It  can  cause  miliary,  or  "mustard  &ed,"  tuberculosis.  (20-7)  *  \ 

7.  The  classification  that  uses  cultural  and  morphological  properties,  animal  studies,  and  metabolic  traits  to 
assign  the*  mycbbacteria  W  four  subgroups.  (20-1 0) 

8.  Photochromogens.  (20-11) 

9.  Nonphotochromogens.  (20-12) 

10.  M.phlei.  (20-1 M 3) 

11.  M.  phlei.  (20-13)  ' 

12.  "Few  acid-fast  bacilli  seen."  (21-3) 

13.  Prepare  a  new  smear.  (21-3) 

14.  Colonies  are  jjjy ,  nodular,  and  rough  (cauliflower)  in  appearance.  (21  -4) 
H.    25°  C.  (21-6) 

M.    Lowenstein-Jensen's,  Petragnanf  s,  and  Middlebroolc  7H10.  (21-7, 8) 
v    •    £gg»  glycerol,  asparagine,  and  potato  stkrch,  (21-7) 

lb.    Middlebrook  7H10  medium  is  clear,  so  early  detection  of  colonies  is  possible  using  the  microscope;  it 

allows  easy  separation  of  mixed  colony  types;  and  agar  is  not  altered  or  destroyed  by  bacteria  contami- 
.     nation.  Also,  growth  occurs  within  3  weeks,  whereas  8  weeks  are  often  required  on  Petragnanfs  medium, 
( - 1  -8)  , 
r 
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19.  By  inoculating  gumfca  pigs,  rabbits,  or  mice.  (22-1 ) 

20.  The  niacin  test.  (22-2)  •  , 
1  21.  Yellow.  (22-3) '         .  , 

22.  They  are  catalase-positive.  (224) 

23.  Sultatase.\22-6)  •  * 

24.  -  10.(22'-9)  -    *  \ 

25.  Dilution  is  made  according  to  the  number  of  organisms  seen  on  the  smear  under  otl  immersion.  (22-9,  1 0) 

26. *  Isoniazid  (1NH),  para-aifiincrsalicyHc  acid  (PAS),  and  streptomycin.  (22-10^ 

CHAPTER  6 

1 .  Treponemataceae .  (Intro .- 1 ,  5)  4 

2.  Morphology,  staining  characteristics,  and  oxygen  requirements.  (Intro^-6) 

3'  Borrelia  vincentii.  (2^-1)  ^  * 

v  4.  torre/fc.  (23-4)  „  . 

5 .  Borrelia  vincentii.  (23--7, 9,10) 

*6.  Treponema  pert enue.  (24-1)  ' 

7  The  primary  stage.  (24-3*)  •  * 

8.  By  the  darkfield  examination  of  the  chancre.  (24-3)         *  ■  N 

9.  Skin  lesions.  (24-4) 

10.  A  spirochete  having  a  flexible  cylindrical  b6dy  measuring  5  to  16  microns  in  length  and  possessing  eight 
to  fifteen  spirals  is  probably  Treponema  pallidum.  (24-5)  ,  ■ 

1 1 .  The  amount  of  protoplasm  available  for  staining  is  so  smajl  that  the  necessary  visual  co  ltrast  is  lacking. 
(24*6)  *  ^    '  '   .  '  ' 

1 2.  If  the  patient  has  treated  his  lesion  with  a  germicidal  agejit,  examination  must  be  de&n  ed  until  all 
germicide,  has  been  removed  by  washing  and  several  hobrs  have  elapsed.  (24-10) 

13.  Leptospira.  (25-2)  •  K 

14.  The  terminal  third  of  the  organism  is  quite  flexible  and  often  forms  a  hook.  (25-3) 

15.  Borrelia;  Nonvirufent  Reiter  strain  of  T pallidum;  and  Leptospira.  (23-6;  24-7;  25-6) 

16.  Blood  or  urine.  (25-6)  - 

17.  Between  the  seventh  andyfourteenth  day.  (25-6) 

18.  The  disease  proceed  by  I.  canicola  is  les?  severe  and  is  rarely  accompanied  by  jaundice.  (25-7) 
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Carefully  read  the  following: 
DOS 


1 .  Check  the  "course,"  'Volume,"  and  "form"  numbers  from  the  answer  sheet  address  tab  against  the 
,  "VRE  answer  sheet  identification  number"  in  the'righthand  column  of  the  shipping  list.  If  numbers 

do  not  match,  take  action  to.  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  f 
a  note  of  explanation. 

2.  Note  that  numerical  sequence  on  answer  sheet  alternates  icross  from  column  to  column.  • 

3.  Use  only  medium  sharpj  1  black  lead  pencil  for  marking  answer  sheet.  ^ 

4.  Circle  the  correct  answer  in  this  test  booklet.  After  you  are  sure  of  your  answers,  transfer  them  to 
the  answer  sheet.  If  you  have  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is 
complete. Use  a  clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

9 

5.  *  Take  action  to -return  entire  answer  sheet  to  ECI.  a 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  Mandatorily  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor.  ^ 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 
DONT 

1 .     Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review  exercise. 

2?^    Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

♦ 

4.  Don't  use  ink  or  any  marking  other  than  with  a  §  1  black  lead  pencil. 


Note:  Tiie  3-digit  number  in  parenthesis  immediately  following  each  item  number  in  this  Volume 
Review  Exercise  represents  a  Guide  Number  in  the  Study  Reference  Guide  which"  in  turn  indicates 
the  area  of  the  text  where  the  answer  to  that  item  can  be  found.  For  proper  use  of  these  Guide 
Numbers  in  assisting  you  with  your  Volume  Review  Exercise,  read  carefully  the  instructions  in 
the  heading  of  the  Study  Reference  Guide. 
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'   .  Multiple,  Choice. 

Chapter  1 

1 .  (200)  Which  of  the  following  is  least  likely  to  be  caused  by  Staphylococcus  aureus? 

S 

a.  Pneumonia.  c.  Otitis  media. 

b.  Sinusitis.  d.  Osteomyelitis. 

\ 

2.  (200)  Staphylococcal  food  poisoning  is  caused  by  an  exotoxin  that  is 

a.  heat  labile.  c.  heat  stable/ 

b.  an  endotoxin.  .      d.  destroyed  by,  refrigeration. 

3.  (200)  Synthetic  media  used  for  the  cultivation  of  Staphylococcus  spp.  must  itfclude 

a.  catalase  and  mannitol.  c.  mannitol  and  thiamin. 

b.  thiamin  and  nicotinic  acid.  ^jTjycotinic  acid  and  mannitol. 

4.  (200)  An  organism  that  appears  as  Gram-positive  cocci  arranged  in  tetrads  when.stained  from  a  grey, 
moist,  anci  viscid  colony  on  blood  agar  is  most  likely  to  be  , 

4 

a.  Gaffkya  spp.  c.  Streptococcus  spp. 

b.  Sarcina  spp.  d.  Staphylococcus  epidermidis. 


5.  (200)  Organisms  of  the  genus  Staphylococcus  are 

a.  nonmotile  and  sporefoAiing.  „    -  c.\notile  and  nonsporeforming. 

b.  motile  and  sporeforming.  ,d.  nonmotUe  and  nonsporeforming. 

6.  (201)  Which  of  the  following  genera  belongs  to  the  family  Lactobacitlaceae? 

a.  Staphylococcus.  c.  Streptococcus. 

b.  Sarcina.  \  }  d.  Gaffkya. 

"  -»      .  * 

7.  (201)  A  hazy,  poorly  defined  zone  of  hemolysis  that  is  neither  a  clear  cut  alpha  nor  beta  hemolysis  can  be 
called      -  %  -  - 

a.  gamma  hemolysis.  c.  nonhemolytic. 

b.  alpha-prime  hemolysis.  -    d.  "O"  type  beta  hemolysis. 

8.  (201)  Hydrolysis  of  sodium  hippurate  by  some  streptococci  yields  an  end  product  of 

a.  oxidase.  c.  ferric  chloride. 

b.  benzoic  acid.  d.  streptokinase. 

9.  (201)  The  clinically  important  streptococci  are  classified  according  to  the  Lancei'ield  scheme  as  being  in 

a .  Group  A.  c.  Group  C. 

b.  Group  B.  d.  Group  D. 

10.    (202)  The  capsule  of  Diplococcus  pneumoniae  appears  to  function  as  a 

a.  means  of  motility.  c.  means  of  producing  "R"  type  colonies. 

b.  measure  of -its  Gram-stain  ability.  d.  barrier  against  phagocytosis. 
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II     ( 202*)  The  Neufcld-Qucllung  react  ion  is  based  upon 

a.  tlit1  Ksis ol  cok»nie>  umii^  opuvhin  discs  c.  cclhikir  Jt^luliiiattoii. 

Iv  c.ipsulai  swelling  d.  sodium  Inppuiato  hydiolx  ms 

I  2.    4  203)  The  divoisiiyof  shapes  seen  as  a  ic.Miii  of  the  distortion  of  the  cell  wall  of  Corynebacterium  w 
diphtheriue-\*  a  result  ol 

*         a.  spores.  c.  Babes-Ernst  granules. 

b.  flagella.  d.  an  exotoxin. 

I  o     < 203.)  To  dompnsi  raie  m-vii  ro  virulence  of  Corynebacterium  diphtherial  you  can  use 

a .  guinea  pips.       .  c.  LoefflerJs  s^rum  agar  slants. 

b.  Klebs^Loctfler  (KL)  medium.  d.  potassium  tellurite  agar  plates. 

14     (204)  Wliich  of  ihc  following  are  mosi  likely  to  beNsolated  from  a  patient  suffering  from  "glandular 
lever"? 

*  a.' Listeria  monocytogenes.  „  c .  Corynebacterium  hoffmanii.  - 

b.  Corynebacterium  acnes.  d.  Erysipelothrix  insidiosa. 

1 5.    (204)  Growili     Erysipelothrix  insicliosa  on  simple  artificial  media  can  be  enhanced  by  the  addition  of 

a .  serum  or  sodium  chloride.  c.  glucose-or  sodium  chloride.  > 

b  serum  or  glucose.  d.  serum  or  sucrose. 

io.    ( 204)  Growth  of  Listeria  monocytogene?  on  sheep  blood  agar  is  easily  distinguished  from  beta  hemolytic 
streptococci  by 

a .  a'stajned  slide  which  shows  the  difference  in  morphology.  * 

b.  presence  of  beta  Hemolysis. 

c.  colonial  morphology.  >  > 

d.  time:  48  hours  is  required  for  beta  hemolysis  to  be  produced  by  Listeria  monocytogenes  on  sheep^  ( 
blood  agar.  • 

17.    ( 205 )  The  capsule  of  Bacillus  anthracis  differs  from  .the  polysaccharide  capsule  of  other  bacteria  in  that 
the^capsule  of  Bacillus  anthracis 

a.  renders  it  more  resistant  to  autpclaving.  *  ' 

b.  is  not  visible  when  stained  with'a  capsule  stain.  * 

c .  is  composed  of  a  polypeptide 

d.  is  not  apparently  associated  with  virulence. 

1  <S.    <  205 )  Although  the  Bacillus  anthracis  organisms  can  be  demonstrated  by  preparing  smears  of  blood  of 
infected  animals,  the  most  productive  demonstration  is  to  examine  smear^of  the 

a.  bone  marrow.  c.  urine  sediment. 

b.  spleen.    _  d.  lung.  . 

19.^^206)  The  easiest  and  most  practical  way  to  differentiate  members  of  the  genus  Clostridium  from  the 
other  Gram-positive  bacilli  is  by 

a.  checking  for  hemolysis.  c.  using  anaerobic  incubation. 

b.  determining  the  spore  location.  d.  checking  for  absence  of  metachromatic  granules. 
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0.  (3D6)  In  cases  of  gangrene,  the  gangrenous  process  extends  to  other  body  tissues  as  a  result  of 

•a.  bacterial  motility.  c,  the  aerobic  conUit ions, 

b.  endotoxins.  m      d.  exotoxins. 

1 .  (206)  The  disease  known  as  tetanus  (lock  jaw)  is  caused  by 

a.  a  true  infection  with  Clostridia  organisms  accompanied  by  severe  and  extensive  tissue  destruction, 
b^ingestion  of  food  in  which  Clostridia  organisms  have  produced  a  highly  potent  exotoxin. 
^   c.  intoxicatioiWrom  exotoxins  produced  by  Clostridia  organisms  growing  in  wounds. 

d.  ingestion  of  food  in  which  heat  stable  (resistant  to  boiling)  exotoxins  have*  been  produced  by 
Clostridia  organisms. 
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2.  (207)  Opthalmia  neonatorum,  an  eye  infection  of  the  newborn,  is  usually,  cuu,sed  by 

a.  Neisseria  flava.  f  c.  Neisseria  gonorrhoeae. 

b.  Neisseria  cabiae.  ^  s  d.  Neisseria  meningitidis. 

3.  (207)  A  medium  that  suppresses  growth  of  manyof  the  saprophytic /Ve/mra?  spp.  and  yet  allows  N. 
gonorrhoeae  and  N.  meningitidis  to  grow  is 

a.  Thayer-Martin.  c.  Mueller-telluritc. 

b.  supplemented  chocolate.  d.  supplemented  shee>Wnod. 

4.  (207)  After  48  hours  incubation  on  chocolate  agar,  paf htfgenic  Neisseria  spp.  eolonies,will  appear 

a .  small,  rough,  grey ,  and  transparent.  c .  small,  glistening,  and  translucent. 

b.  large,  glistening,  yellow,  and  opaque.  d.  yeUow-green  surrounded  by  a  whitish  area, 

(207)  The*oxidase  test  is  used^o  detect  the  presence  of  ' 

tf.  dimethyl-p-phenylene  diamine.      ,  c.  hydrogen  peroxide.  t 

b.  cytochrome  oxidase.  d.  nonpathogenic  Neisseria  spp. 

.    (208)  Colonies  of  Pleuro-pneumonia-like  organisms  can  be  distinguished  from  bacterial  colonies  because 
PPLO  colonies  4 

a .  do  not  decolorize  Dienes'  strain,  but  bacterial  colonies  do  decolorize  the  stain. 

b.  grow  on  avian'blood  agar,but  not  on  mammalian  blood  agiir. 
1  c.  grow  only  on  blood  agar  that  contains  50  oercent  alcphol.  \ 

d.  grow  only  in  tissue  cultures.  -  *       '  . 

(208)  Which  of  the  following  is  considered  to  be  an  anaerobe? 

a.  Neisseria  meningitidis.  »  c.  Herellhwgimcola.  ' 

b.  Mima  polymor'pha.  d.  Veiiioneiia  alcalescens. 

.    (208)  Hereilea  vaginicoia  differs  from  the  other  organisms  of  the  tribe  Mimeae  and  the  genus  Neisseria  in 
that 


a .  it  grows  well  on  Thiiycr-Martin  medium. 

b:  beta  typo  hemolysis  may  be  seen  on  occasion. 

»    it  i»\ulu/vs  wlosc. 
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2l>     (208)  Special  stannug  procedures  are  needed  lor  Mycoplasma  spp.  because 

a.  with  Cjiuih  »tum  the  llagella  stain  one  color  and  the  cell  wall  stains  another;  therefoie,  the  organisms 
appear  Orarti-variable.  %  / 

„    b  the  Cell  wall  contains  waxy  niutciiaU  that  prevent  the  penetration  of  ordinary  Gram  stain.  V 
c.  the  capsular  material  is  not  soluble  in  alcohol.  (j 
.d.  the  cell  wall  is  poorlv  defined  or  absent.  ■  v 

Chapter  3 

v  •.  r 

30.  ( 209 )  Certain  Hemophilus  organ is^ns  cause DonsyphiJitie  veneral  lesions  called 

a.  chancres.  '       |  c.  buboes. 

b.  chancroids.  \    '    ■■  d.  veneral  warts.  * 

31 .  (20<>)  Members  of  flic  genus  Pasreurplla*MC 

a.  niicroaerophihc.  e .  strict  anaerobes. 

b.  strict  aerobes.  d.  faculative  anaerobes. 

32.  (209)  The  etiologic  agent  of  plague  is' 

a .  I'rancisella  tularensis.  \  c .  Pasteurella  multocida. 

*      b.  Pa  sr  cure  I  la  pest  is.  \  d.  Pasteurella  pseudotuberculosis. 

33.  (210)  The  three  major  ingredients*  in  Bordet-Gengou  agar  are  glycerol,  potato,  and 

a.  the  heat-labile  V  factor.  c.  1 5  percent  blood. 

b.  the  heat-stable^X  factor.-  d. .  starch/ ^ 

34.  (210)  Members  of  the  genera  Hemophilus  and  Bordetella  are  most  often  found  in  the 

a.  nasopharynx.  .  %*  c.  urine. 

bloodstream. «  d.  skin  lesions* 


b./li 
(110] 


35*.    (1 10)  When  preparing  chocolate  agar  for  use  in  cultivating  Hemophilus  spp.,  commercially  available 
enrichment  inatrfml  is  added  to  , 

a.  aid  in  "chocolating"  the  red  blood  cells.  c .  replace 4 he  heat-stable  X  factor.  t 

b.  replace  the  heat-labile  V  factor.    **         *      d.  maintain  a  soft*  moist  a-gar  surface. 

3b.    (2I0)A  term  used  to  describe  Hemophilus  spp.  growing  in  close,  proximity  to  a  colony  of  another  species 

is  ' 

a .  satelhtism.     '"  •  j:  c.  susceptibility.  9 

b.  isolationism.  ^      d;  nonfastidiousness. 

37.  ( 2 1 Which  of>fhe  following  is  the  etiologic  agent  of  chancroids? 

a .  Hemophilus  aegyptius.  .  m  c .  Hemophilus  influenzae. 

b.  Bordetella  pertussis.  *  d.  Hemophilus  ducrevi.  .  -  * 

38,  (211)  Brucella  mclitensis  causes  a  disease  usually  associated  *with       ^      }  * 

a .  pigs. .  .  '  c .  goats.  -  . 

b.  cows.  •  °  d.  horses. 
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39.    (2J2$  The  Bacteroides  are  normal  inhabitants  of  the  mouth,  intestinal  iract,  and  vagina.  These  organisms 
appear  to  - 

a.  be  the  primary  cause  of  purulent  pneijmonia.  , 

b.  be  the  causative^agent  of  ulcerative  colitis.  m  ° 

c .  cause  asthma  in  the  newborn.  V 

d.  be  secondary  invaders  associated  with  diseased  or  injured  tissue. 

f~     40.    (211)  To  differentiate  among  smooth,  rough,  and  mucoid  Brucella  spp.  colonies,  you  would  use 

a.  a  wire  loop.  c.  an  aqueous  solution  of  crystal  violet.  $~ 

b.  thionin  and  basic  fuchsin.  d.  growth  with  or  without  X  or  V  factors. 
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Chapter  4 

41 .  (213)  The  IMVIC  reaction  includes  tests  for  indQle,  methyl  red,  Voges-Proskauer,  and 

a.  carbohydrate  fermentation.  c.  coagulase. 

b.  catalase.  d.  citrate. 

42.  (213)  Which  of  the  following  does  not  belong  in  the  family  Enterobacteriaceae?  '  ' 

a,  Salmonella  spp.  c.  Shigella  spp. 

b.  Alcaligenes  spp.      -  d.  Escherichia  spp. 

*  *  • 

43.  (213)  ^fhicH  of  the  following  is  found  in  triple  sugar  iron  agar  but  not  found  in  Kligler's  iron  agar? 

a.  Sucrose.  c.  Lactose. 

b.  Glucose  ~  d.  Source  of  H2S.  A 

44.  (213)  Of  the  organisms  we  have  studied,  all  Enterics  0 

a.  are  nonspord  producers.  c.  are  nonmotile.      _  "  ' 

b>  show  a  distinct  bacil&ry  form.  d.  form  capsules. 

45.  (214)  Infections  with  Shigella  dysenteriae^scrotype  1 ,  kre  more  se^re  than,  the  other  Shigella  spp.  because 
in  addition  to  producing  an  endotoxin  it  also  * 

a.  forms  capsul^.  *      -  c.  is'a  lactose  fermenter.    "  * 

b.  produces  a  neurotoxin.  d.  produces  spores. 

46.  '(214)  Paracolobactrum  intermedium  organisms  are*  classified  with  the 

a.  Citrobacter  group.  c.  Shigella  division. 

b.  Proteus-Providence  division.      .  Escherichia  coli  organisms. 

47.  (214)«An  alkaline  reaction  on  citrate-mannitol  agar  is  evidenced  by 

a.  no  color  change.      *  •  c.  a  yellow  color.  ' 

b.  a  green  color.  /  d.  a  blue  tolor. 

48.  (2 1 4)  Organisms  of  the  Salmonetla-Arizona-Citrobacfez  division  are  separated  taxonomically  from  the  * 
Shigella-Excherichia  division  on  the  basis  of 

a  the  IMViC  reaction  c.  the  IMViC  reaction  and  H2S  production, 

b.  +i2S  production,  d,  oxygen  "and  temperature  requirements. 
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49.    (21 5)  Which  of  th?  following  is  most  likely  to  yield  aaacid  butt  and  an  acid  slant  on  TSI  agar?       *  A-  1 

&.  Alcaligenes  spp.  c.  Salmonella  spp.  *  , 

-  b.  Shigella  spp.         »  d.  Entefob^cter  spp. 

i^du^S^SeVesSce  JffCtl°nS  f"«  Pr0teus'  Salmonella,  and  Escherichia  spp. 
.  a*  lactose  termentatlon  waste  proaucis.  c.  H  antigens. 


b.  V  antigen?.  d.  0  antigens. 

51.  (216)  Cholera  causes  th^atient  to  have  a  severe  diarrhea  known  as 

a .  the  GI's.  c .  mucus  colitis. 

b.  rice  water  stool.  d.  ulcerative  colitis. 

52.  (216)  The  disease  "melioidosis"  in  man  is  caused  by 

i 

*  a.  Pseudomonas pseudomallei  »      c.  Pseudomonas aeruginosa. 

b .  "Alcaligenes  fecalis.  A  d.  Gtrobacter  freundil 

53.  (216)  Vibrio  cholerae  is  tentatively  identified  by 

a.  the  presence  of  the  surface  pellicle.         *     c.  positive  cholera-red  reaction. 

b.  growth  in  peptone  water.  d.  its  appearance  on  Gj&m-stained  smears. 

'  •* 
^  Chapters  ^  * 

•  » 

54.  (21 7)  Hansen's  bacillus  is  another  name  for 

a.  Mycobacterium  tuberculosis.  •  c .  Nocardia asteroides.  '  ^ 

b.  Mycobacterium  leprae.  d.  Actinomyces  bovis. 

c  -  * 

55.  (217)  Bloodstream  dissemination  of  tjie  tubercle  organism  can  resuk  in 

a.  Hansen's  diseasfe.       /  c.  tubercular  plague. 

b.  lettuce  seed  tuberculosis.  d.  miliary  tuberculosis. 

56.  .  (217)  The  mycobacteria  that  produce  a  yellow  pigmented  colony  only  in  the  presence  of  light  are  placed  — 

in  Runyon  Group 

a.  I-Photochromogens.  c.  III-Nonphotochromogens. 

b.  H-Scotochromogens.      „  -  d.  IV-The  rapid  powers. 

57.  (21 8)  In  order  to  follow  the  method  of  reporting  acid-fast  bacilli  as  set  up  by  the  National  Tuberculosis 
Association,  you  would  report  ten  or  more  acid-fast  bacilli  per  slide  as 

a:  "rare  acid-fast  bacilli  seen."  c.  "numerous  acid-fast  bacilli  seen." 

b.  "resubmit  specimen."  d.  "few  acid-fast  bacilli  seen.'* 

58.  (217)  The  term  "Battey-bacilli"  refers  to  members  of  the     /  i 

a.  rapid^ growers (Gp.  IV).  '  *  c.  scotochromogens(Gp.  II). 

b.  nonphotochromogens  (Gp.  III).  d.  photochromogens  (Gp.  I). 

59.  (218)  Which  of  the  media  listed  below  would  least  likely  be  used  to  cultivate  the  tubercle  bacilli? 
%  * 

a.  Jtetragnani's.  c.  Loeffler's  serum  slant. 

b.  Lowfenstein-Jensen.  ,       d.  Middlebrook  7HJ0.  / 

/ 
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60.  (21 9)  In  indirect  tubercule  bacilli  sensitivity  testing,  a  minimum  of  how  many  colonies  should  be  * 
emulsified  to  make  an  inoculum?  " 

a.  5.,  s  c.  2.  ' 

b.  4.  d.  1. 

;  * 

61.  (219)  A  positive  niacin  test  is  indicated  by  a  * 

a.  lack  of  color  change.   '  *      '  c.  blue  color. 

b.  pink  color.  *     d.  yellow  color. 

62.  (218)  The  atypical  group  of  mycobacteria  can  be  differentiated  from  the  Runyon  groups  on  the  basis  of 

a.  growth  at  25°  C.  v  c.  "cauliflower"  colonies.  . 

b.  ccflony  color.  d.  growth  under  anaerobic  conditions. 

63.  (219)  A  medium  containing  tripotassium  j^ienolphthalein  disulfate  would  most  likely.be  used  to  test  for 

a.  catalase.  c.  niacin  production. 

b.  sulfatase.  „  d.  antibiotic  sensitivity.  * 

Chapter  6 

64.  (220)  In  which  of  the  following  families  wjll  you  find  the  genus  that  causes'the  disease  "relapsing  fever"? 

a.  Actinomycetaceae.  c.  Achromobacteriaceae. 

b.  Spirochaetaceae.  d.  Treponemataceae. 

9 

65.  (220)  Relapsing  fever  is  transmitted  from  man  to  man 

a.  by  ticks.  c.  by  the^bite  of  rodents. 

b.  through  body  lice.  ■  i  d.  through  bad  water. 

66.  (220)  The  disease  "trench  mouth"  is  caused  by  Fuaobacterium  fusiformis  and  . 

a.  Treponema  mucosum.  c.  Leptospira  canicola. 

b.  Borreiia  recurrently  d.  Borrelia  vincentiu 

67.  (220)  Laboratory  diagnosis  of  Borreiia  is  made  by  finding  the  organism  in 

a.  pus.  c.  the  blood.  .  N  m 

*    b.  sputum.  d.  the  spinal  fluid.  y 

68.  (221)  From  the  description  of  the  principles  of  darkfield  microscopsy,  yoil^could  assume  that  a  very  large 
object  would  be  a 

a.  dark.  c.  not  visible. 
b*dim.  d.  very  bright. 

a 

69.  (221)  During  secondary  syphilis,  the  most  logical  place  to  isolate  Treponema jpaiiidum  would  be  the 

3,.  skin  lesions  that  make  up  the  rash.  c.  chajKre. 

b.  urethra.  *  d.  bloodstream. 


31u 


46 


pity  Th6  recortimeixcled  method  for  sending  fluid  ftfcifi  syphilitic  lesion.s  to  reference  laboratories  is  to 
collect  Jt  v  i 

a  .  in  a  syribgc. 

b.  m  a  capillary ^ube  and  seal  with*paraffin-petro!atum. 

c.  iiv a  small  glass  tube. 

d.  on  a  microscope  Siiide  ^nd  seal  with  pgtrolatum. 

(22 1 )  The  most  acceptable  method  for  straining  treponemes  is 

a.  silver  impregnation,  c.  India  ink. 

b.  nigrosin,  .  ^  &d..  modified  acid-fast, 

(222)  Which  of  the  following  is  the  etiologic  agent  for  Neil's  disease"? 

a.  Spirochaeta.      *    "    \  c.  Leptospiras  ■  '  * 

b.  Treponema,  \  d.  Borrelia/ * 

\  * 

(22 1 )  A  lesion  that  is  to  be  examined  for  treponemes  should  not  be 

>\  \  «  * 

a.  pinched.  \    ^  c,  washed  with  saline.  *  x 

b.  abraded.  \  d.  washed  with  germicide,  *        '  / 

(222)  .Which  of  the  following  has  tWe  terminal  third  of  the  organism  quite  flexible  and  may  or  may  not 
fornj  a  hook?  . 

a.  Treponema  spp.  n  c ,  Borrelia  spp.  . 

b.  Leptospira  spp,  ,  d.'  Spirochaeta  spp. 
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(A)  NEISSERIA  GONORRHOEAE 
.  Gram  stain  of  urethral  smear. 


(B)  NEISSERIA  GONORRHt 
Gram  stain  of  culture  smear. 


(F)  PASTEUREUA  MULTOCIDA 
Gram  stain  of  culture  smear. 


(G)  HEMOPHILUS  INFLUENZAE 
(      Gram  stain  of  culture  smear. 


POWOtJT  4A 


Before  Reagent  After  Reagent 

(E)  NEISSERIA  GONORRHOEAE  *  Selection  in  a  mixed  culture  by  oxidase  reaction, 


(I)  SHIGELLA  SPECIES 
Culture  on  EMB  agar, 


^  (J,  K)  SALMONELLA  SPECIES 

Top;  Pure  culture  on  EMB  agar. 
Bottom*  Pure  culture  on 
<  ;  MacCqn  key's  agan 

Fddout  4A*  Details  A  through  K, 


(L)  ESCHERICHIA  COU; 

Culture  on  MacConkey's  agar. 


(P)  PSEUDOMONAS  AERUGINOSA 
Culture  on  Mueller-Htnfon  agar. 


FOI*DOU*4B 


(M)  ESCHERICHIA  COtl 
Culture  on  EMB  agar. 


(Q)  MYCOBACTERIUM  TUBERCULOSIS 
Smear  of  concentrated  sputum 
speciman  stained  with  Ziehl* 
Neelsen  acid-fast  stain- 

32u  .  . 


(O)   PROTEUS  SPECIES* 
Urease  production. 
Left:   Negative  reaction 
of  E.  coli. 

Right:    Positive  reaction. 


(T)  MYCOBACTERIUM 

Photochromogen  on  Lowenstein- 
Jensen  medium.    Left:  growth 
for  five  days  in  the  dark  at  ' 
room  temperatur^  Right^yellow 
pigment  by  incubation  in  sunlight. 

,  J-'olilom 


(U)   MYCOBACTERIUM  TltecilLOSIS 

Niacin  production.    Left:  Negative 
(colorless)    Right:    Positive  test 
(lemon  yellow  color). 

Details  I.  ihrouuh  U. 


i 


+  Discrete  Colonies 
(N)  PROTEUS  SPECIES  -  On  blood  agar 


,.4 


;  ******  \s 


(R)  MYCOBACTERIUM  TUBERCULOSIS 
Human  type*  Cultures  of  concentrated 
sputum  specimen  on  LowensteinJensen 
medium.  ?  \ 


PQLDOTJT  4B 


(S)  MYCOBACTERIUM 
Atypical  or  anonymous  type. 

Scotochromogen  on 
Lowenstein-Jensen  medium, 
Yellow-orange  pigment  is 
formed  even  in  dc^kn^ss. 
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Positive 


4 


Mima  polymorpha 
var.  oxidans 
Moraxella  non- 
liquef aaien 
Moraxella  nsp  II 


UREASE 


Posit i ve 
r  |  

Morale  I  la  nsp  II 


I 

Negative 

i 

Moraxe I  la 

nonliquef  aaien 
Mima  polymorpha 
var.  oxidans 


Positive 

Neisseria  spp. 
Mima  po lymorpha 
var,  oxidans 
Moraxe I  la  spp . 

 i 


GROWTH  ON  EMB 


I 


f 


OXYGEN  GROWTH  REQUIREMENTS 

■■  — ;  *z  * 

■  1  > 

AEROBIC  OR 
-FACUL.  ANAEROBIC 

\ 

ANAEROBE 

OXIDASE 


Veillonella  spp. 


— i 

Negative  , 


Mima  po lymorpha 
Herellea  vaginiaola 


GLUCOSE  FERMENTATION 


Negative 


Positive 

i — 

Herellea 
vaginiaola 


I 

Negative 
po Lymorpha 


Neisseria  spp. 
Moraxella  bovis 
i  Moraxella  nsp  I 
Moraxella  * 

nonliquef aaien 


GLUCOSE 
I 


I  

Positive 

i 

Moraxella  nsp  I 
Neisseria  spp.  (most) 


NITRATE 


CATALASE. 


Negative 

.  ~~n — 

Neisseria, 
o^atarrhalis 

Neisseria 
flavesaens 

Moraxella  bovis 

Moraxe I  la 

nonliquef aaien 


I  

Positive* 

~n — 

Moraxella 

nonliquef acien 


I 

negative 

Mima  polymorpha 
var.  oxidans 


Positive  ' 

.  i — 

Neisseria  spp, 


1 


Negative 

i — 

Moraxella  nsp  I 


f  *  Usual Jy  positive. 

'  o  — — :  
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'3d  3 


ACID  THROUGHOUT 


I 


H2S 


i  ■ 

Positive 

 H" 

Citrobactev  n 
\  Proteus* 
f  Arizona 


I 

Negative 


UREA 


Escherichia  coli 
Enterobacter  ( Aerobacter) 
Klebsiella 
Proteus  morganii 
Hafnia 


I 

Positive 

T 


Proteus  vulgaris 
Proteus  mirabilis 


INDOLE 


I  

Positive 

T 


I 


 1 

Negative 

Citrobac%ev 
Arizona 


Negative 


r~ — 

Positive 


KCvN 


Positive** 

~~1  

E.  ooli 
Hafnia 


METHJL  RED 
I 


Proteus  vulgaris     Proteus  mirabilis  Citrobactev 


*  1 

Negative 

I — 

J&pitzona 


 1 

Negativie 

1  " 

Serratia 
Enterobacter 
Klebsiella 
Proteus  morgan€i 


INDOLE 


Positive 

i — 

E.  coli 


— i 

Negative 

— r- 

Hafnia 


MOTILITY 


I 

Positive 


I 


Enterobacter 
Serratia 

Proteus  morganii 


 1 

Negative  . 

 1  

Klebsiella 


UREA 


*  Certain  strains  of  Proteus  ferment  sucrose  in  TSI  medium. 
**  Metallic  sheen  on  EMB  can  be  used  to  separate^  E.  coli  from  Hafnia. 
***  Serratia  spp.   usually  produce  a  pink  to  red-colored  colony  on 
blood  agar  or  nutrient  agar. 


i 

Positive 
I 

Proteus  morganii 


 1 

Negative 

r~ 

Serratia*** 
Enterobacter 
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Foldout  6 


>Nf .  i 


r 


,2k>4 


ALKALINE  SLANT,  ACID  BUTT 


r 


UREA 

IZEZ 


Positive 

 1  

Proteus  vulgar i 9 
Proteus  mirabilis 
Proteus  rattgeri 
Proteus  morganii 
 l_ 


INDOLE 


Positive 


H2S 


Negative 
Proteus  mirabilis 


Negative 

I 

Providence  Gp. 
Sa Imone I  la  spp . 
Shigella  spp, 
Arizona-  spp. 
Bethesda-Ballerup* 
Escherichia  ooli** 
Alkalis cens~Di spar 
Edvardsiella  tarda 


*Some  Bethesda-Ballerup 
are  late  lactose 
f ermenters . 
**Some  E.   doli  require 
48  hr.  or  longer  to 
ferment  lactose. 


MOTILITY 


Pos  i  t  ive 

— i —  * 

Proteuo  vulgario 


Negat  ive 
I 

Proteus  morganii 
Proteus  rcttgeri 


CITRATE 


Pos  i  t ive 


Proteua  rcttgeri 


Negat  ive 
I  

Proteus  morganii 


V        Pos  i  tive 
I 

Providence  Gp. 
Arizona  spp , 
Bethesda-Ballerup 
Escherichia  c&li 
Edvardsiella  tarda 
Salmonella  spp. 


Negative 
— *y  

Shigella  spp. 

A Ikalesaens-Dispar 


A-D  ANTISEROM 


CITRATE 


Pos  i  t  ive 
I 

A Ikalesaens-Dispar 


Negative 
Shigella 


Pos  i  t ive 
I 

Providence  Gp . 
Salntone  Ha  opp. 
Bet hesda • Bal 1 erup 
A r izona   &pp . 


Negat  ive 
I  

Escherichia  aoli" 
Salmone&la  gp,  A 
Salmonella  typhi 
Sa Imonella  sendai 
Edvardsiel la  tarda 


INDULL 


T 


IUS 


Pos  i  1 1 ve 

I  

Providence  Gp. 
Be  the s da- Bal J  erup 
(rarely)  * 
I  


Negat  ive 
! 

Sa  Imonella  spp , 
Ar i  zona 

Bethesda-Ballerup 


Posi  tive 

 1  

Sa Imonel la  typhi 
Edvardsiella  tarda 


XYLOSr 


INDOLE 


Negative 

 1  

Salmonella  gp,  A 
Sa Imonel la  sendai 
Esahjrichiz  coli 
_J  


IXuOLE 


Pos  i  r i ve 
T 


Negat i ve 
~  "I 
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Edwardsiella 


Negat  ive 
I 

Salmonella  typhi 
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Positive 
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Negative 
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Escherichia  coli      Salmonella  gp,  A 
_  _  »  Salmonella  sendai 
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'  ,      .  32a 

Fold  out  . 


I  

Positive* 

„  I 

P8eudomona8  8pp. 
Flavobaoterium  spp. 


'  I  

Yellow,  Orange,  Red 

 1 

Flavobaotevium  8pp. 


PIGMENT 

I 


ALKALINE  SLANT,  ALKALINE  BUTT 


I 

Pseudomonas  spp. 
Aloaligenes  feoalis 
Aohromobaoter  spp. 
Flavobaotevium  spp. 

1 


i 

Positive 

Pseuaomonas  spp. 
Aloaligenes  feoalis 
Flavobaotevium  spp. 


OXIDASE 

i 


 ~l 

Negative 

I 

AoTnvomobaotev  *pp. 


GLUCOSE 
I 


 1 

Negative 

I 

Aloaligenes  feoalis 
Pseudomonas  spp . 


3** 


 1 

Green,  Blue,  Brown 

1  r— 
Pseudomonas  spp. 


SELLER'S  MEDIUM 

l 


Alkaline  Slant 
I 

Aloaligenes  feoalis 


 1 

Acid  Slant 

Pseudomonas  spp 


*  Usually  positive, 
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Preface 

THIS  IS  THE*  third  of  four  volumes  of  CDC  90412,  Medical  Laboratory 
Technician-Microbiology.  It  presents  information  on  parasites  of  medical  im- 
portance including  both  Protozoa  and  Helminths.  You  will  find  color  illustra- 
tions on  foldouts,  at  the  back  erf  the  volume,  that  will  assist  you  in  leaning  to 
identify  malaria  parasites.    *  '  v, 

Bound  in  the  back  of  the  volume  are  three  oversized  figures  printed  as  Foldouts 
1  through  3. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this 
text  or  recommendations  for  its  improvement,  send  them  to  Technical  Training 
Center  (MSSTW),  Sheppard  AFB,  Texas  76311. 

•  If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of 
ECTs  instructional  aids  (Your  Key  to  Career  Development,  Study  Reference 
Guides,  Chapter  Review  Exercises,  Volume  Review  Exercise,  and  Course^Exami- 
nation),  consult  your  education  officer,  training  officer,  or  NCO,  as  appropriate. 
If  he  can't  answer  your  questions,  send  them  to  ECI,  Gunter  AFB,  Alabama 
36114,  preferably  on  Ed  Form  17,  Student  Request  for  Assistance. 

This  volume  is  valued  at  30  hours  ( 10  points) .  / 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
July  1970. 
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CH APTIR  1 


Introduction  to  Medical  Parasitology 


FROM  THE  EARLIEST  recorded  history,  man 
has  been  subjected  to  animal  parasites.  The  Is- 
raelites bewailed  their  torment  by  the  "fiery  ser- 
pents" of  Egypt  during  their  sojourn  by  the  Red 
Sea.  Could  these  tormentors  have  been  the  guinea 
worm,  Dracunculus  medinensis?  Is  it  possible  that 
the  porkworm  (TrichineUa  spiralis)  or  the  pork 
tapeworm  (Taenia  solium)  may  have  influenced  the 
ancient  Jewish  elders  to  condemn  pork  as  un- 
clean? Our  knowledge  of  medical  parasitology  has 
increased  tremendously  in  recent  years.  Yet,  the 
same  parasites  that  have  afflicted  man  throughout 
history  are  still  the  number  one  cause  of  disease  in 
much  of  the  world. 

2.  It  is  estimated  that  there  are  almost  fifty  mil- 
lion guinea  worm  infections  in  the  world  at  the 
present  time.  The  highest  incidence  of  porkworm 
was  in  the  United  States  (approximately  15-20 
percent).  Strict  control  measures  in  the  past  20 
years  have  reduced  that  figure  to  less  than  five 
percent.  Servicemen  returning  from  overseas  oper- 
ations are  constant  reminders  that  parasites  alien 
to  our  environment  are  still  flourishing  in  tropical 
countries.  As  a  laboratory  technician,  you  have  an 
excellent  opportunity  to  study  many  of  the  para- 
sites that  continue  to  plague  the  human  race. 

3.  This  volume  is  written  to  provide  you  with 
background  and  technical  knowledge  associated 
with  the  parasites  of  major  medical  importance.  Its 
purpose  is  to  establish  a  foundation  with  which 
you  can  increase  your  ability  and  skill  in  finding, 
identifying,  and  discussing  human  parasites  in  fu- 
ture laboratory  performance.  This  ability  and  skill 
require  individual  initiative,  technical  knowledge, 
and  experience. 

4.  This  chapter  begins  with  a  discussion  of  the 
development  of  medical  parasitology  and  the  mili- 
tary aspects  of  the  subject,  followed  by  classifica- 
tion (nomenclature  ancl  identification).  General 
relationships  of  the  host  and  parasite,  with  descrip- 
tions of  how  parasites  affect  the  host,  are  ex- 
plained next.  The  chapter  ends  by  presenting  in- 
formation of  the  four  important  sources  or  modes 
by  which  parasites  are  transmitted 


1.  Medical  Parasitology 

1-1.  A  parasite  is  any  plant  or  animal  which 
lives  on  or  within  another  organism,  deriving  its 
sustenance  or  protection  without  making  compen- 
sation. The  uncompensated  organism  is  referred  to 
as  the  host.  Parasitology  is  the  science  of  parasit- 
ism and  deals  with  the  relationship  between  a  par- 
asite and  its  host.  Medical  parasitology  refers  to 
parasites  which  infect  man.  Medical  laboratory 
parasitology  is  an  essential  clinical  aid  which  ena- 
bles a  physician  to  diagnose  and  treat  patients  suf- 
fering from  figrasitic  infections.  ~ 

1-2.  Mac&soripic  parasites,  such  as  worms, 
leeches;  maggots)  and  bedbugs,  were  known  in  an- 
tiquity. Even  t6day,  the  alchemy  and  misconcep- 
tions of  the  ancients  are  practiced  in  the  darker  re- 
cess of  the  world.  Village  medicine  men  continue 
to  wind  a  "fiery  serpenf^from  the  flesh  of  its  vic- 
tim on  a  crude  stick.  The  science  of  parasitology 
has  advanced  but  the  advancements  are  not  ap- 
plied worldwide.  With  the  discovery  of  the*  micro- 
scope by  Van  Leeuwenhoek  in  the  late  17th  cen- 
tury, a  new  era  in  parasitology  had  its  beginning. 
However,  parasitology  could  not  have  advanced 
without  "concurrent  advances  in  the  related  fields 
of  protozoology  (one-celled  animals)  attd  ento- 
mology (study  of  insects).  The  major  develop- 
ments in  modern  parasitology  came  in  the  19th 
century  with  tremendous  technical  and  scientific 
efforts  in  all  phases  of  parasitology  and  its  related 
fields.  The  discovery  of  the  human  malaria  para- 
site in  1880,  closely  followed  in  1900  by  the  con- 
clusive demonstration  that  malaria  is  contacted 
through  the  "bites"  of  infected  mosquitoes,  is  an 
example  of  the  accelerated  progress  in  parasitol- 
ogy- 

1-3.  Military  Medical  Parasitology.  Progress 
in  the  medical  aspects  of  parasitology  was  acceler- 
ated by  necessity  during  the  world  conflicts  of  the 
20th  century.  In  World  War  II  (WW  II),  thou- 
sands of  Americans  were  transported  to  foreign 
countries.  This  exposed  them  to  exotic  parasitic 
diseases.  Formerly,  these  maladies  were  seldom 
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Table  1 

Principal  Cusses  and  Phyla  op  PaJUsitcs  op  Medical  Importance 


PHYLUM 
PROTOZOA 
(Single- 
celled 
animals) 


PHYLUM 

PLATYHELMINTHES 
(Flatworras) 


CLASS 
TREMATODA 
(Flukes) 


SUBPHYLUM 
SARCOMASTI- 
GOPHORA 

(Flagellates  CLASS 
and  Amebae)  CESTOIDEA 
{y  (Tapeworms) 

SUBPHYLUM  * 

SPOROZOA 

(Sporozoans) 


PHYLUM 

NEMATODA 

(True 

RoundwoTirs) 


PHYLUM 

ACANTHOCfcPHALA 
(Thorny-Headed 
Worms) 


PHYLUM 
ANNELIDA 


CLASS 

HIRUDINEA 

(Leeches) 


PHYLUM 
ARTHROPODA 


CLASS 
ARACHNIDA 
(Spiders , 
-Ticks ,  Mites) 


SUBPHYLUM 

CILIOPHORA 

(Ciliate's) 

encountered  in  the  United  States.  Amebiasis  and 
opisthorchiasis  in  Southeast  Asia  are  two  exam- 
ples. Malaria  was  a  constant  threat  in  various 
parts  of  the  world  during  WW  n.  Military  medical 
reports  indicate  that  many  more  men*were  incapac- 
itated from  disease  than  from  enemy  action.  With 
an  increased  interest  in  parasitology,  techniques 
were  improved.  Some  of  the  advancements  in  di- 
agnosis and  treatment  of  parasitic  diseases  .were 
gained  through  the  medical  experience  of  World 
War  n. 

1-4.  During  the  Korean  conflict  prophylactic 
measures  were  ipitiated,  using  the  procedures  of 
WW  II.  Certain^strains  of  malaria  subsequently 
showed  increased  resistance  to  prophylactic  drugs. 
As  a  result,  some  servicemen  contracted  malaria 
despite  prophylaxis.  Because  of  knowledge  gained 
in  WW  II,  the  incidence  of  parasitic  diseases  in 
general  was  comparatively  low  in  the  Korean  con- 
flict, the  only  exception  being  malaria. 

1-5.  In  the  Vietnam  war,  malaria  again  pre- 
sented a  problem.  One  species  of  malaria,  namely 
Plasmodium  falciparum,  has  developed  an  even 
greater  resistance  to  the  prophylactic  drugs  rou- 
vas  ref 
cvacu; 

of  malaria  alone  as  were  evacuated  for  wounds. 
The  incidence  of  other  parasites  among  the  mili- 
tary population  is  a  less  serious  problem.  This  can 
be  seen  in  a  survey  of  military  medical  problems 
in  Vietnam  that  found  that  of  every  1,000  men,  2 
had  hookworm  and  5  had  amebiasis. 

1-6.  Because  of  the  United  States'  commit- 
ments around  the  world,  American  servicemen  are 
likely  to  be  assigned  to  many  different  areas.  As  a 
laboratory  technician,  you  may  find  yourself  in 
parasite  endemic  areas  where  an  important  part  of 


tinely  used.  It  was  reported  that  during  1965  as 
many  men  were  evacuated  from  Vietnam  because 


CLASS 

INSECTA 

(Insects) 

your  laboratory  work  will  be  in  parasitology.  On 
r  the  other  hand,  returning  servicemen  may  be  as- 
signed to  any  base  within  the  continental  United 
States.  This  means  that  any  laboratory  technician 
in  the  United  States  may  be  confronted  with  a  va- 
riety of  unusual  parasites  for  identification.  You 
may  frequently  find  parasites  which  are  alien  to 
your  particular  locale.  Your  identification  and  the 
subsequent  treatment  of  diseased  patients  are  nec- 
essary for  two  important  reasons.  The  first  in- 
volves the  mission  of  a  military  hospital  to  return 
the  patient  to  duty* with  a  minimum  loss  of  man- 
hours.  Thc  second  reason  is  to  prevent  the  intro- 
duction and/or  distribution  of  parasites  within  the 
United  States.- 

1*7.  Medical  parasitology  can  be  categorized 
on  the  basis  of  specimens  examined  (feces,  urine, 
blood,  etc.).  The  source  of  a  specimen  is  impor- 
tant from  the  technical  aspect  of  processing  it  for 
parasites.  The  organization  of  a  clinical  laboratory 
into  sections  for  specific  specimen  handling  is  con- 
ducive to  improvement  in  technician  performance. 
For  instance,  it  is  logical  to  process  smears  for 
blood  flagellates  in  the  hematology  section  and 
stool  specimens  in  the  parasitology  section.  This 
customary  procedure  also  points  out  the  necessity 
for  technicians  in  other  sections  of  the  laboratory 
to  maintain  their  proficiency  in  medical  parasitol- 
ogy. 

1-8.  The  parasitology  section  usually  is  a  sepa- 
rate unit,  because  of  the  nature  of  the  primary 
specimen,  feces.  As  you  will  see  in  later  chapters, 
this  examination  is  only  a  part  of  medical  parasi- 
tology. However,  fecal  examinations  are  the  major 
workload  in  a  parasitology  section.  This  is  mainly 
because  of  public  health  requirements  for  exami- 
nation of  civilian  and  military  food  handlers.  Tn 
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less  developed  areas  of  the  world,  civilian  food 
handlers  constitute  a  serious  and  continuing  health 
problem  in  the"  military  population.  Thus,  a  quali- 
fied parasitology  technician  is  an  essential  member 
of  the  military  public  health  team. 

1-9.  Classification  of  "Parasites.  Before  pro- 
ceeding further,  remember  that  the  classification 
of  parasites  is  established  by  the  International 
Code  of  Zoological  Nomenclature,  Several  changes 
have  been  approved  in  the  classification  of  para* 
sites  as  compared  to  the  nomenclature  used  only  a 
few  years  ago. 

1-10-  Table  1  shows  the  principal  phy|a  and 
classes  of  the  parasites  of  medical  importance  as 
they  are  now  classified.  For  parasites  to  be  placed 
into  a  phylum  they  must  have  something  in  com- 
mon. The  fact  that  there  may  be  more  than  one 
class  in  a  phylum  denotes  that  parasites  have 
enough  in  common  to  be  placed  in  a  particular 
phylum,  but  they  differ  enough  to  be  placed  in 
separate  classes. 

1-  11.  Additional  charts  are  provided  to  demon- 
strate the  grouping  of  parasites  by  phylum  as  they 
are  discussed.  The  material  for-the  volume  as  a 
whole  has  been  selected  and  organized  to  provide 
you  with  a  clear  and  practical  understanding  of  the 
key  points  you  must  know  for  the  successful  iden- 
tification of  human  parasites. 

2.  Host-Parasit«  Relationships 

2-  1.  Parasites  have  specific  relationships  with* 
the  qnimak  they  infest  or  infect  These  relation- 
ships are  determined  by  specific  requirements  such 
as  a  need  for  food  or  protection  or  as  an  essential 
step  in  the  life  cycle  of  the  parasite.  Some  para- 
sites infect  a  wide  variety  of  hosts  to  which  they 
have  become  adapted.  A  few,  such  as  Enterobius 
vcrmicularis,  the!  human  pinworm,  only  infect  one 
host  As  you  can  see,  parasitism  is  not  a  haphaz- 
ard phenomena.  Perhaps  a  closer  look  at  host-par- 
asite relationships  will  make  this  subject  clearer. 

2-2.  Types  of  Parasites.  Some  parasites  adapt 
themselves  to  the  outer  coverings  of  other  animals. 
Thul,  we  find  parasites  that  live  on  the  skin  and  in 
the  hair,  or  they  may  burrow  just  beneath  the  skin. 
Other  parasites  enter  the  body  of  the  organism 
that  they  infect  Malaria  is  a  good  example  here. 
The  malaria  parasite  enters  the  body  and  infects 
red  blood  cells.  The  location  within  or  upon  the 
body  where  parasites  may  be  found  provides  a 
basis  for  classifying  them  into  two  broad  catego- 
ries. These  categories  ate  ectoparasites  and  endo- 
parasites. 

2-3.  Ectoparasites.  Those  parasites  which  are 
found  on  or  within  the  skin  or  outside  the  bocfy 
are  called  ectoparasites.  These  afflictions  are 
called  infestations  rather  than  infections.  Arthro- 


pods such  as  body  lice  and  ticks  are  of  this  type; 
so  are  mites  which  burrow  into  the  skin.  Arthro- 
pods are  the  most  frequent  extoparasites  encoun- 
tered. Our  discussion  of  the  arthropods  will  relate 
mainly  to  their  role  as  vectors  of  parasitic  diseases. 
Thentjentification  of  ectoparasites  is  more  prop- 
erly the  domain  of  entomologists. 

2-4.  Endoparasites.  Those  parasites  which  are 
located  within  the  host's  body  are  called  endopar- 
asites. These  may  be  found  in  such  areas  as  the  in- 
testines,  liver,  lungs,  blood  vessels,  and  muscles. 
The  majority  of  medically  important  parasites  are 
endoparasites.  Medical  problems  related  to  them 
are  termed  infections. 

2-5.  Tht  Host  Let  us  now  consider  the  host 
itself.  A  host  you  should  recall,  is  that  organism' 
which  furnishes  food  or  protection  fdr  a  parasite. 
During  its  life  cycle,  a  parasite  may  require  one  or 
more  hosts,  or  at  some  stages  it  may  not  require  a 
host  In  some  cases,  man  as  a  host  appears  to  be  a 
dead  end.  An  example  is  Trichinella  spiralis  infec- 
tion, in  which  the  parasite  is  walled  off  in  human 
tissue  and  cannot  be  transmitted  to  another  host 

2-6.  Definitivejwsts.  A^definitive.host  is  one  in 
which  a  paidsitereaches  sexual*maturity  arid  is 
able  to  complete  its  reproductive  functions. /^n 
most  cases  of  parasitic  infections  of  man,  man  js 
the  definitive  host.  It  is  at  sexual  maturity  that  tit» 
parasite  js,  capable  of  reproducing  its  own  kimi 
and,  in  so  debing,  produce  evidence  of  its  preserve 
as  ova,  cyst$]  proglottids,  etc.  Patent  infections  are 
those  which  are  producing  such  evidence  of  thteir 
presence. 

I  2-7.  Intermediate  hosts.  An  intermediate  host  is 
one  in  which  a  parasite  undergoes  essential  imma- 
ture development  stages.  Some  parasites,  such  as 
the  schistosomes,  are  capable  of  completing  their 
preliminary  development  in  one  intermediate  host, 
a  snail.  Other  parasites,  such  as  Clonorchis  sinen- 
sis (also  called  Opistorchis  sinensis),  may  require 
two  intermediate  hosts,  such  as  snails  and  then 

%fresh  water  fish,  in  order  to  complete  their  prelimi- 
nary development. 

2-8:  Man  is  usually  the  definitive  host  How- 
ever, man  can  also  be  an  intermediate  host.  For 
example,  sexual  maturity  of  the  malarial  parasite 
takes  place  in  the  mosquito;  thus,  the  mosquito  is 
the  definitive  host.  It  is  the  asexual  stage  of  the 
malarial  parasite  which  is  found  in  man;  thus,  man 
is  the  intermediate  host  in  this  life  cycle.  Man 
serves  as  both  the  definitive  and  intermediate  host 
in  the  case  of  Trichinella  spiralis.  The  female  tri- 
chinae gives  birth  to  larvae  which  encyst  as  the 
infective  stage  in  the  same  host. 

2-9.  The  terms  "definitive"  and  "intermediate" 
host  should  be  used  with  some  reservations.,  The 
genus  Leishmania,  for  "example,  has  no  known 
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means  of  sexual  reproduction.  The  terms  "defini- 
tive" and  "intermediate"  are  not  applicaple  in  this 
life  cycle.  , 

2-10.  Reservoir  hosts.  In  addition  to)  the  desig- 
nation "definitive"  or  "intermediate,"  a  host  may 
also  be  called  a  reservoir  host  A  reservoir  host  is 
an  animal  species  on  which  the  parasite  depends 
for  its  survival  in  nature  and  thus  serves  as  a 
source  of  infection  for  other  susceptible  hosts,  in- 
cluding man.  For  example,  the  hog  harbors  the  or- 
ganisin  Trichinella  spiralis,  which  causes  trichi- 
nosis in  man.  J 

2-11.  Vectors.  In  addition  to  their  tole  as  reser- 
voirs, some  hosts  serve  as  vectors.  A  vector  is  a 
parasite  carrier,  usually  an  arthropod]  which  trans- 
fers parasites  from  one  host  to  another.  This  is 
true  of  organisms  such  as  mosquitoes,  flies,  ticks,' 
and  mites.  Because  of  the  many  different  kinds  of 
organisms  in  the  world,  there  are  many  different 
types  of  vectors. 

2-12.  Symbiosis. -A  close  association  of  two 
species  of  organisms  in  nature  is  called  symbiosis. 
The  partners  in  this  association  are  termed  sym- 
bionts.  This  relationship  may  have  several  aspects. 
One  aspect  is  the  association  in  which  both  orga- 
nisms benefit,  or  mutualism.  A  second  aspect  isjp 
association  in  which  one  organism  benefits  andme 
other" is  unaffected.  This  is  known  as  commensal- 
ism.  The  third  aspect  of  symbiosis  is  parasitism.  In 
p^rasitisip,  one  organism  (parasite)  is  benefited  at 
the  expense  of  the  other  organism  (host).  A  par- 
asite is  successful  only  when  it/is  in  a  delicate  bal- 
ance with  its  host  If  that  b^Wce  is  upset,  the  host 
may  expel  or  evefc  destroy  the/parasite,  or  the  host 
may  be  damaged  to  siieh  an  extent  that  it  dies  and, 
as  a  result,  the  parasite  dies/Parasitology  is  impor- 
tant to  us  because  this  balance  is  not  always  main- 
tained. 

2-13.  Parasitic  Effects.  Throughout  this  vol- 
ume we  will  use  the  terms  "definitive,"  "interme- 
diate," and  "reservoir"  when  referring  to  a  host. 
Now  that  we  know  a  little  about  parasites  and 
hosts,  lefs  discuss  the  effects  of  parasites  on  the 
host.  By  definition,  each  parasite  must  have  at 
least  one  host  and,  as  mentioned  previously,  may 
have  several.  For  a  given  parasite  to  live  success- 
fully within  a  host,  several  conditions  are  neces- 
sary. 

•  There  must  be  a  dependable  means  of  trans- 
mission to  the  host 

•  Environmental  conditions  must  provide  suit- 
able access  to  the  host 

•  The  parasite  must  be  able  to  thrive  and  re- 
produce in  the  host  once  access  is  made. 

If  any  one  of  these  three  circumstances  is  altered 
or  eliminated,  a  parasite  cannot  exist  However,  if 


these  prerequisites  are  met,  a  parasite  will  be  suc- 
cessful. 

2-14.  Damage  to  the  host  can  Sianifest  itself  in 
several  ways.  These  are:  > 

•  Trauma. 
Lytic  action. 

•  Tissue  response. 

•  Blood  loss. 

•  Secondary  infection. 

2-15.  Traumatic  damage  to  tissue  can  occur  as 
a  result  of  normal* larval  migration.  For  example, 
in  hookworm  infections,  as  the  individual  larvae 
penetrate  into  the  air  sacs,  minute  focal  hemor- 
rhages are  produced.  On  the  other  hand,  in  ca^es 
of  simultaneous  massive  migration  of  larvae,  a 
bronchial  pneumonitis  of  clinical  grade  is  usually 
produced.  Intestinal  parasites  such  as  A  scar  is  lum- 
bricoides  and  Taenia  saginata  may  cause  intestinal 
obstruction  if  the  worm  population  is  high.  Other 
parasites  may  cause  Trauma  to  the  intestines  in 
their  attempt  to  maintain  attachment  on  the  intes- 
tinal mucosa.  A  few  parasites  are  capable  of  pro- 
ducing damage  to  the  retinal,  renal,  or  cerebral 
capillaries.  <  \ 

2-16.  Lytic  destruction  or  damage  can  occur  by 
the  invasion  of  certain  parasites  because  of  their 
enzyme  activity.  The  protozoan  Entamoeba  histo- 
lytica can  colonize  in  the  lalrge  intestine,  thus  caus- 
ing considerable  damage  as  the  organisms  invade 
the  tissues  by  lytic  digestion. 

2-17.  Some  parasites,  notably  helminths 
(worms),  by  their  invasion  of  tissue,  cause  the 
human  host  to  respond  by  producing  eosinophilic 
This  production  of  eosinophils  in  the  bloodstream 
is  most  notable  in  infections  Math  Strongyloides 
stercoralis*  Ascaris  lumbricoides,  and  Trichinella 
spiralis.  , 

2-18.  Parasites  such  as  Ancylostoma  duodenale 
and  Necator  americanus,  when  present  in  large 
numbers,  can  cause  considerable  blood  loss.  With 
this  loss  of  red  Jjlood  cells,  the  body  responds  with 
increased  erythropoietiq  activity.  If  the  tfpdy  re- 
sponse is  not  sufficient,  an  anemia  results. 

2- 1 9.  Once  the  body  becomes  weakened  by  ane- 
mia or  tissue  damage— or  both  anemia  and  tissue 
damage — secondary  invaders,  usually  bacteria, 
may  add  to  the  invasive  process.  Secondary  infec- 
tion may- occur  in  the  liver,  lungs,  or  intestinal  mu- 
cosa. 

2-20.  Parasitic  infections,  unlike  bacterial 
infections,  usually  produce  only  short-lived  im- 
munity, if  any.  As  a  result,  repeated  infections  are  4 
quite  possible.  It  is  known  that  long-lasting  im- 
munity is  derived  from  infection  and  spontaneous 
cure  in  cutaneous  leishmaniasis.  However,  immu- 
nological defenses  against  parasitic  infections  are 
limited. 
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2-21.  Modes  of  Infection.  Man  becomes  in- 
fected with  parasites  by  various  means.  Parasitic 
diseases  may  be  grouped  according  to  mode  of 
trihsmission  as  follows: 

•  Filth-borne  or  contaminative. 

•  Soil-  or  water-borne, 

•  Food-borne. 

•  Arthropod-borne. 

2-22.  Transmission  by  filth  or  contamination  is 
a  serious  problem  where  personal  hygiene  is  lack- 
ing. Some  of  the  intestinal  protozoa  are  dependent 
upon  this  condition  for  direct  transmission.  Para- 
sites such  as  Dientqmoeba  fragifis  and  Trichomonas 
homiftis  have  no  known  cystic  stage  so  they  must 
be  transmitted  directly.  Other  intestinal  protozoa 
and  some  intestinal  helminths  such  as  Hymenole- 
pis  nana  and  Enterobius  vermicularis  are  not  de- 
pendent upon  direct  transmission,  but  they  are 
readily  transmitted  by  that  route.  Th«e  organisms 
produce  cysts  or  eggs  that  are  fully  developed 
when  passed  and  can  survive  and  remain  infective 
for  long  periods  outside  the  host.  As  you  can  see, 
these  parasites  can  be  spread  easily  by  careless 
food  handlers,  nursery  attendants,  etc.  Even  flies 
and  cockroaches  can  carry  the  cysts  and  eggs  from 
one  place  to  another.  Personal  hygiene  and  com- 
munity sanitation  are  a  must  to  prevent  the  spread 
>~of  these  parasites. 

2-23.  Soil-  or  water-borne  parasitic  infections 
are  among  the  most  difficult  to  control.  The  eggs 
of  parasites  such  as  Ascaris,  Trichuris,  and  hook- 
worms require  a  period  of  development  in  the 
soil  before  they  become  infective.  People  acquire 
Ascaris  and  Trichuris  infections  by  eating  dirt. 
Of  course,  this  is  one  of  the  favorite  pastimes  of 
children.  Infective  hookworm  larvae  normally  in- 
fect man  by  penetrating  the  skin  and,  as  you 
would  e%krct9  the  parasite  is  most  common  in 
areas  where  people  do  not  wear  shoes.  Hie  in- 
termediate hosts  and  the  infective  stage  of  blood 
flukes  require  water.  The  cercariae  of  blood 
flukes  infect  man  by  penetrating  the  skin  when 
he  is  exposed  to  contaminated  water  (swimming, 
bathing,  etc.).  Education  of  the  population  and 
strict  sanitary  control  of  excreta  disposal  are  the 
only  effective  means  of  preventing  infection  with 
these  parasites. 


2-24.  Man  acquires  parasitic  infections  by  eat- 
ing many  things  other  thari^soil.  Inadequately 
cooked  beef,  pork,  fish,  and  shellfishes,  as  well  as 
some  vegetables,  are  important  sources  of  infec- 
tion. The  infective  stages  of  some  tapeworms  are 
found  in  beef,  pork,  and  fish.  Eating  improperly 
prepared  pork  is  the  most  common  source  of  Trich- 
inella  spiralis  in  man.  Raw  crabs  and  crayfish 
are  considered  a  delicacy  in  some  parts  of  the 
world.  They  are  intermediate  hosts  that  harbor  the 
infective  stage  of  the  lung  fluke.  Some  flukes,  such 
as  sheep  liver-fluke,  infect  man  when  he  consumes 
raw  aquatic  plants.  The  infective  larvae  of  these 
flukes  encyst  on  such  vegetation.  You  can  see 
from  these  examples  that  food  is  an  important 
source  of  infection.  To  prevent  food  contamina- 
tion, excreta  must  be  disposed  of  .according  to 
strict  public  health  rules;  and  all  foods  must  be 
properly  prepared  if  these  parasites  are  to  be  con- 
trolled. 

2-25.  Parasites  that  are  transmitted  by  arthro- 
pod vectors  produce  diseases  that  are  frequently 
fatal.  Members  of  this  group  and  their  vectors  are 
found  in  most  temperate  and  tropical  regions  of 
the  world.  Some  of  these  parasites  have  been  sig- 
nificant deterrents  to  the  economic  development  of 
some-  countries.  Thestf  arthropod-borne  parasites 
include  both  protozoa  and  helminths.  M  each  case, 
the  arthropod  is  an  essential  intermediate  host  and 
vector.  Malaria  is  the  most  widespread  of  these 
parasites,  and  species  of  the  Anopheles  mosquito 
which  serve  as  the  vector  are  found  in  almost 
every  country  of  the  world.  This  is  the  reason  that^ 
such  a  great  effort  is  made  to  prevent  infected  in- 
dividuals from  entering  this  country.  Some  parts  of 
Africa  are  literally  ravaged  by  sleeping  sickness. 
This  often  fatal  disease  is  caused  by  African  try- 
panosotoes  which  are  transmitted  by  tsetse  flies. 
The  group  of  helminths  that  are  arthropod-borne 
are  known  as  filariids.  There  are  several  of  these 
parasites,  and  each  causes  a  characteristic  disease 
(elephantiasis,  ophthalmitis,  "Calabar  swelling", 
etc.).  The  vectors  for  these  parasites  include  mos- 
quitoes, mango  flies,  Simulium  flies,  and  some  bit- 
ing gnats.  Tremendous  amounts  of  money  and 
time  have  been  spent  in  an  effort  to  eradicate 
these  diseases,  but  they  are  still  the  most  important 
public  health  problems  in  the  tropics  today. 
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CHAPTIR  2 


Protozoa  Infecting  Man 


qp3#E  SUBPHYLA  you  witfstudy  in  this  chap- 
-I  tcr  are  listed  in  table  2.  The  listed  subphyla 
contain  the  protozoa  of  major  medical  importance. 
These  parasites  live  in  the  digestive  tract, -genitalia, 
tissues,  and  bloodstream.  The  majority  of  the  par- 
asites that  infect  the  tissues  and  bloodstream  re- 
quire a  vector.  Most  of  these  protozoa  are  patho- 
genic, but  a  few  are  nonpathogenic  or  only  cause 
mild  tissue  irritation.  The  nonpathogenic  protozoa 
are  important  to  the  laboratory  technician  only 
from  the  standpoint  of  clearly  distinguishing  them 
from  the  harmful  forms. 

2.  The  study  of  Chapter  2  will  begin  with  the 
flagellates,  to  be  followed  by  the  amebae,  then  the 
sporozoans.  The  chapter  will  end  with  the  intes- 
tinal ciliate,  Balantidiwn  coli.  In  .this  chapter  and 
those  to  follow,  the  study  will  be  limited  chiefly  to 
morphology,  pathogenesis,  and  diagnosis. 
3.  Flagellars 

3-1 .  As  you  study  the  flagellates,  you  will  cover 
each  genus  of  medical  importance.  They  will  be 
discussed  in  ihe  order  in  which  they  appear  in 
table  2.  ^ 

3-2.  The  Leuhmuia.  You  can  divide  the  life 
history  of  these  parasites  into  two  stages.  In  man 
and  other  mammals  a  nonflagellated  stagfc  exists 
which  is  called  a  Icishmaiiia-form  organism 
(shown  in  fig.  f).  In  the  sandfly  vectoi-,  and  when 
grown  in  culture  media,  the  parasite  lives  as  a 
flagellated  leptomonas-fonn  of  organism.  Figure 
2  illustrates  the  flagellated  leptomonas-form  of 
this  group  of  organisms.  The  morphology  of  the 
three  presently  recognized  species  of  Leishmania 
organisms  (L.  donovani,  L.  tropica,  L.  brazilien- 
sis)  is  identical.  They  are  classified  on  the  basis 
of  clinical  manifestations  and  geographical  distri- 
bution. 

3-3.  Leishmania  donovani.  L.  donovani  is 
found  in  many  regions  of  Asia,  Africa,  Europe, 
South  America,  and  Central  America.  Rounded,  ¥ 
leishmania  forms- 'contain  a  nucleus  and  kineto- 
plast  (parabasalbody  plus  blepharoplast)  but  they 
lack  a  flagellum.  Leishman-Donovan1jK)dies,  as 
the  leishmania  forms  are  called,  are  widely  dis- 
tributed within  the  body  of  a  patient  with  kala- 


azar  (visceral  leishmaniasis).  The  parasites  seem 
to  be  more  abundant,  however,  in  the  reticulo- 
endothelial cells  of  the  liver,  spleen,  bone  mar- 
row, and  visceral  lymph  nodes. 

3-4.  The  pathogenesis  and  symptomatology  of 
the  disease  develop  as  follows:  .once  the  lepto- 
monad  stage  is  transmitted  by  th<Lvector  to  man, 
the  leishmaniae  develop  in  the  c«5»of  the  skin  of 
the  host.  After  a  variable  period  of  time,  some  of 
the  organisms  gain  access  to  the  blood  stream  or 
lymphatics  and  are  transported  to  the  viscera, 
where  they  enter  fixed  tissue  macrophages.  The 
parasites  multiply  rapidly  and  are  found  to  be 
abundant  in  the  spleen,  liver,  and  bone,  marrow. 
The  rapid  intracellular  multiplication  of  parasites 
causes  an  excesj  production  of  macrophages.  In 
time  this  causera  decrease  in  neutrophils.  Ejnally, 
the  red  bone  marrow  slows  down  the  production 
of  red  cells  and  anemia  develops.  The  decrease  in 
neutrophils  favors  secondary  bacterial  infections  in 
the  unprotected  host. 

3-5.  Laboratory  diagnosis  is  limited  to  the  ac- 
tual demonstration  of  the  organism.  The  specimen 
of  choice  is  a  Giemsa  stained  bone  marrow  speci- 
men. Of  course,  the  organisms  can  be  demon- 
strated in  spleen,  liver,  or  lymph  node  biopsy  im- 
pression smears  or  tissue  sections  of  those  organs. 
The  organisms  are  rarely  observed  in  peripheral 
blood  smears.  They  can  be  cultured  on  NNN  me- 
dium (Novy,  MacNeal,  Nicolle);  however,  this 
tecifhtque  is  of  limited  diagnostic  value  because  of 
the  time  required  for  the  organisms  to  grow.  Im- 
pression slide  smears*tan  be  stained  with  Giemsa 
or  Wright  stain.  The  culture  medium  and  stains 
are  also  applicable  to  the  other  leishmanias  to  be 
studied. 

3-6.  Leishmania  tropica.  The  disorder  caused 
by  this  parasite  is  often  called  "Oriental  Sore"  or 
cutaneous  leishmaniasis.  It  is  common  in  the  Mid- 
dle East,  and  it  is  endemic  .in  Mexico,  Africa, 
India,  and  other  parts  of  Asia.  Sores  begin  as 
small  red  papules  which  enlarge  to  an  inch  or 
more  in  diameter.  These  may  develop  into  un-  * 
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Table  2 

Outmnh  ov  PnoTonuN  Pa] 


1MIY1.UM  I'UOlitZOA 


SUBPHYLWj  MASTIGOPHORA 
(Flagellates) 

Leishmania  donovani 

Leishmanii  tropica 

Lzishmania  brazilien&is 

Trypanosoma  rhodes  ienoe 

Trypanosoma  gambiense 

Trypanosoma  cruzi 

Chilomastix  mesnili, 

Giardia  lamblia 

Trichomonas  vaginalis 

Trichomonas  tenax 

Trichomonas  hominis 


SUBPHYLUM  SARCODINA 
(Amebae) 

Entamoeba  histolytica 

Entamoeba  hartmanni 

Entamoeba  coli 

ntamoeba  gingivalia 

ndo I imax  nana 

Dientamoeba  fragilio 

Iodamoeba  butachlii 


SUBPHYLUM  SPOROZQA 
(Sporozoans) 

Isoapora  belli 

Taoepora  homing 

Toxoplasma  gondii 

Plasmodium  vivax 

Flaamodium  falciparum 

Plasmodium  malaviae 

Plasmodium  ovale 


SUBPHYLUM  CILIOPHORA 
(Ciliatcs) 

Balanti  dium" scli 


sightly  ulcerating  lesions  if  they  become  secondar- 
ily infected.  The  sores  persist  for  a  few  months  to 
a  year  or  more, 
a  3-7.  L.  tropica  is  not  able  to  penetrate  the  nor- 
mal unbroken  skin.  Infection  is  normally  caused 
by  the  bite  of  the  sandfly  vector.  This  parasite  can 
be  transmitted  by  intimate  contact  or  autoinocuft- 
tion.  Secondary  bacterial  infections  are  not  un- 
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Figure  I.    Leishmanial  Leishmania-form  organSms. 


common.  Persons  who  become  infected  with  this 
species  usually  develop  a  life-long  immunity, 

3-8.  In  morphology,  L.  tropica  is  identical  fo 
both  L.  donovani  and  L.  braziliensis.  Parasites  of 
L.  tropica  afelfound  in  macrophages  around  the 
margins  of  the  necrotic  lesions.  It  isN&efcss  to 
*  make  smears  from  peripheral  blood  in  attempting 
to  find  L.  tropica.  They  can  be  found  kjttnaterial 
from  the  edge  of  a  sore.  Smears  prep&^d  with  this 
material  and  stained  with  Giemsa  or  Wright  stain 
will  usually  show  microscopic  -evidence  of  infec- 
tion. If  smears  prove  negative,  then  cultures  on 
NNN  or  other  suitable  media  should  be  com- 
pleted. 

3-9.  Leishmania  braziliensis.  These  parasites 
cause  a  disease  known  as  South  American  muco- 
cutaneous leishmaniasis,  or  Espitodia.  Initially  the 
parasites  are  localized  in  cutaneous  sores,  as  in  the 
case  of  L.  tropica.  As  the  disease  advances,  the  or- 
ganisms localize  in  mucous  membranes  of  the  nose 
and  pharnyx.  There  is  a  tendency  for  sores  to 
spread  over  extensive  areas  and  for  numerous 
sores  to  appear.  In  later  stages  of  the  disease  sec- 
ondary foci  occur  in  nasal  cavities,  mouth,  and 
pharnyx;  however,  these  generally  develop  several 
months  to  several  years  after  cutaneous  lesions  ap- 
pear. The  disease  occurs  in  large  areas  of  tropical 
America  from  Yucatan  in  Mexico  through  Central 
America  into  northernArgentina.  M 

3-10.  Studies  of  this  parasite  suggest  the  possi- 
bility that  "there  are  several  strains  scattered 
through  parts  of  South  American  and  southern 
Mexico.  Secondary  lesions  usually  appear  before 
the  primary  sore  has  healed,  but  they  may  occur 
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Figure  2.   Leishmanial  leptomonas-form  organisms. 


months  or  years  afterwards.  Mucocutaneous  in- 
volvement results  in  clogging  of  nostrils,  fetid 
breath*  damage  .to  the  organs  of  srhell,  hearing, 
and  sometimes  sight  In  advanced  stages  the  nasal 
septum  and  surfaces  of  the  palate  are  destroyed. 
Death  frequently  occurs  in  advanced  untreated 
cases.  This  is  usually  due  to  secondary  bacterial 
infections;  however,  patients  may  live  for  several 
years.  K 

3-11.  Laboratory  procedures  used  for  diagnosis 
of  L.,  braziliensis  include  direct  examination  of  ex- 
udates or  biopsies  from  involved  areas  as  men- 
tioned for  L.  dbnovani  and  L.  tropica.  Also,  cul- 
tures and  serological  methods  may  be  useful.  One 
will  not  find  this  species  in  peripheral  blood  unless 
the  parasites  are  found  in  the  local  circulation 
close  to  a  lesion. 

3-12.  The  Trypanosomas.  You  will  study  the 
three  trypanosomes  of  medical  importance  in  the 
next  few  paragraphs.  The  three  are  Trypanosoma 
rhodesiense,  Trypanosoma  gambicnsc,  and  Try  pa- 
nosoma  cruzi.  T.  rhodesiense  and  T.  gambiense 
produce  the  disease  known  as  African  sleeping 
sickness.  As  the  name  implies,  it  is  restricted  to 
the  y^rican  continent.  Trypanosoma  rhodesiense 
and  T^gambiense  are  considered  to  be  mutants  of 
T.  bruceu  whictt  is  a  parasite  of  African  game  ani- 
mals. The  African  trypanosomes  use  Glossina  (the 
tsetse  fly)  as  a  vector.  The  organisms  are  mor- 


phologically indistinguishable.  This  supports  the 
hypothesis  that  they  are  from  the  same  stock.  T. 
cruzi  uses  triatomid  bugs  as  vectors.  T.  cruzi  is  re- 
stricted to  the  Americas.  Figure  3  illustrates  a  typ* 
ical  trypanosome, 

3-13.  When  you  study  the  morphology  of  the 
unstained  trypanosome  in  a  wet  preparation  of 
blood  or  spinal  fluid,  the  parasite  appears  as  a  col- 
orless, slender  body  which  measures  approxi- 
*  mately  IS  to  30  microns  in  length.  It  travels  with  a 
spinning  type  of  motion.  Both  the  anterior  flagel- 
lum  and  the  undulating  membrane  can  usually  be 
observed.  v 

3-14.  The  three  trypanosomes  are  morphologi- 
cally similar.  A  blepharoplast  is  located  at  the  pos- 
terior end,  from  which  a  flagellum  arises.  A  nu- 
cleus containing  a  karyosome  is  present,  and  an 
undulating  membrane  extends  almost  the  length  of 
the  body. 

3-15.  Trypanosoma  rhodesiense.  T.  rhode- 
siense is  present  in  the  circulating  blood  during 
febrile  episodes.  During  nonfebrile  states,  the  or- 
ganisms are  more  abundant  in  the  lymph  glands. 
In  the  cases  that  reach  the  late  stages  of  the 
disease,  the  trypanosomes  may  be  found  in  the 
cerebrospinal  fluid  and  within  the  tissues  of  the 
central  nervous  system.  This-brganism  is  appar- 
ently more  virulent  than  T.  gambiense.  Death 
may  occur  within  3  or  4  months  following  infec- 
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Figure  3.   Typical  Trypanosoma. 

tion.  The  initial  symptoms  of  infection  are  recur- 
ring fever  and  headache  followed  by  weakness, 
enlarged  glands,  edema,  and  muscular  tenderness. 
In  the  late  stages  there  is  physical  depression, 
stupor,  unconsciousness,  coma',  and  death. 

3-16.  Laboratory  diagnosis  includes  the  follow- 
ing procedures: 

•  Stained  blood  smears. 

•  Wet  slide  preparations  of  blood. 

•  Centrifugation  with  wet  or  stained  prepata- 
tion  of  spinal  fluid. 

•  Animal  inoculation. 

•  Demonstration  of  trypanosomes  in  bone 
marrow  and  lymph  node  aspirates. 

Cultivation  can  be  attempted  on  Weinman's  me- 
dium; however,  it  is  difficult  to  get  a  viable  culture 
of  either  T.  rhodesiense  or  T.  gambiense. 

3-17.  Trypanosoma  gambiense.  This0  species 
produces  the  disease  often  called  Gambian  sleep- 
ing sickness.  It  is  geographically  distributed  in 
tropical  West  and  Mid-Africa.  As  previously  men- 
tioned, it  is  transmitted  through  the  bite  of  an  in- 
'  fected  tsetse  fly  (the  biological  vector).  Mechani- 
cal transmission  of  the  disease  is  possible  if  a  fly 
bites  an  individual  who  has  the  disease  and  within 
a  very  short  period  of  time  bites«a  noninfected  per- 
son. The  transmitted  parasite,  in  this  case,  does 
not  undergo  the  usual  multiplication  in  the  salivary 
gland  of  the  fly  but  is  transferred  directly  from 
contaminated  mouth  parts.  This  method  of  trans- 
mission occurs  frequently  in  severe  epidemics. 


*  3-18.  The  morphology  of  T.  gambiense  is  indis- 
tinguishable from  that  of  T.  rhodesiense.  Within 
vertebrate  hosts  these  parasites  localize  first  in  the 
blood,  but  later  they  are  found  in  greater  numbers 
in  enlarged  lymph  glands.  In  the  late  stages  of  the 
disease,  the  parasite  may  be  found  in  the  cerebro- 
spinal fluid.  Invasion  of  the  central  nervous  system 
takes  place  later  in  the  course  of  the  disease  than 
it  does  in  infections  with  T.  rhodesiense. 

3-19.  The  Gambian  disease  appears  milder 
than  infections  with  the  Rhodesian  type.  Initial 
symptoms  include  fever  and  headache  recurring  ir- 
regularly, followed  by  weakness,  enlarged  glands, 
edema,  and  muscular  tenderness.  The  disease  does 
not  usually  result  in  death.  However,  fatal  cases  do 
occur,  particularly  among  patients  who  develop 
nervous  system  involvement  and  complications 
from  other  tropical  diseases.  The  disease  is  diag-- 
nosed  by  demonstrating  the  parasite  in  Wood  and 
other  body  fluids  using  the  same  techniques  used 
to  diagnose  T.  rhodesiense. 

3-20.  Trypanosoma  cruzi.  This  parasite  causes 
an  illness  known  as  Chagas'  disease.  It  is  most 
prevalent  in  parts  of  Mexico  and  Central  and 
South  America.  A  few  cases  have  been  reported 
from  Texas.  Man  is  only  one  of  many  mammals 
that  are  susceptible  to  the  parasite.  Many  domestic 
and  wild  animals  are  reservoirs  for  this  organism. 

3-21.  Trypanosoma  cruzi  ordinarily  requires  a 
vector  for  transmission.  Infants  can  acquire  the 
parasite  by  prenatal  infection,  and  the  organism  is 
occasionally  transmitted  by  blood  transfusion.  The 
primary  me^ns  of  transmission  is  by  an  insect  vec- 
tor. 

3-22.  The  vectors  in  Chagas'  disease  are  sev- 
eral species  of  triatomid  bugs  commonly  known  as 
"assassin"  or  "kissing"  bugs.  As  the  infected  bug 
takes  a  blood  meal,  it  discharges  liquid  feces  con- 
taining the  infective  trypanosome-form  of  the  par- 
asite, which  is  rubbed  into  the  bite  site,  or  at 
times  actively  invades  mucous  membranes  when 
the  feces  are  wiped  into  the  eye  or  mouth.  The 
infective  trypanosome  is  ?ngulfed  by  macro- 
phages. Within  macrophage  cells  the  parasite  de- 
velops into  the  leishmania-form  of  the  organism 
(similar  to  that  in  fig.  1).  The  parasite  multiplies 
in  the  leishmania-form  and  produces  a  local  swel- 
ling (chagoma).  A  few  days  later  it  is  found  in  the 
circulating  blood  as  a  trypanosome-form  organ- 
ism again.  The  organism  never  multiplies  in  the 
trypanosome-form.  These  trypanosome-forms  of 
the  organisms  enter  visceral  reticuloendothelial 
cells,  myocardial  tissue,  endocrine  gland  tissue, 
or  almost  any  type  of  celt.  Within  the  cell,  the  or- 

^garjism  reverts  to  the  leishmania-form.  It  js  in  this 
iorm  that  reproduction  occurs.  Eventually  the  cell 
ruptures,  releasing  numerous  leishmania-forms  of 
the  organism  which  very  rapidly  develop  into 

,  trypanosome-forms.  The  change  is  so  rapid  that 
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Ieishmania-forms  are  not  seen  in  peripheral 
blood.  Some  of  the  trypanosome-forms  enter  per- 
ipheral circulation,  but  most  infect  other  tissue 
cells  and  revert  to  the  leishmania-forms  for  fur- 
ther reproduction. 

3-23.  Symptomatology  during  the  primary  par- 
asitemia (acute  phase)  consists  of  fever  and  a 
marked  toxic  condition.  The  acute  phase  usually 
persists  for  about  12  to  30  days.  In  some  cases, 
children  die  during  this  phase.  Patients  who  sur- 
vive the  acute  phase  develop  the  chronic  state  of 
the  disease.  Symptoms  of  this  phase  depend  upon 
where  the  parasites  localize.  This  stage  may  last 
for  years.  In  this  stage,  there  are  usually  very  few 
trypanosomes  in  the  circulating  blood. 

3-24.  T.  cruzi  in  the  trypanosome-fonn  is 
morphologically  similar  to  the  other  trypanosomes, 
ljut  it  is  different  enough  for  you  to  identify 
the  organism.  You  will  sometimes  see  the  try- 
panosomc-form  as  a  delicately  spindle-shaped  or- 
ganism, about  20  microns  long  with  only  two  or 
three  curves  in  the  narrow  undulating  membrane. 
There  is  also  a  short,  free  flagellum.  Other  times, 
the  organism  may  appear  as  a,  considerably 
shorter,  broader,  more  6r  less  C-shaped  organ- 
ism, with  or  without  a  free  flagellum.  In  its  intra- 
cellular phase,  T.  cruzi  is  a  typical  leishmania- 
form  organism,  oval  in  shape,  1.5  to  5  microns 
in  length,  with  a  large  nucleus  and  a  deeply  stain- 
ing kinetoplast  (fig.  1).  In  reticuloendothelial 
cells,  you  cannot  distinguish  T.  cruzi  from  the 
Leishmanias.  A  distinguishing  feature  to  remem- 
ber is  that  T.  ctuzi  invades ip he art  muscle  cells 
and  nerve  tissue  cells  as  a  leishmania-form  organ- 
ism. The  Leishmanias  do  not  invade  these  tissues. 

3-25.  Laboratory  diagnosis  is  made  by  finding 
the  typical  trypanosomes  of  T.  cruzi  in  blood  films 
during  febrile  periods.  Aspirates  of  spleen,  lymph 
node,  liver,  or  bone  marrow  are  the  materials  of 
choice  for  finding  the  leishmania-form  organisms. 
NNN  media  should  be  inoculated  at  the  same  time 
the  smears  are  made.  Quite  often  you  can  culture 
the  organisms  in  this  manner  everiNf  ther^are  too 
few  to  find  on  a  stained  smear.  Complement  fixa- 
tion is  sometimes  a  satisfactory  method  of  dfogno- 
sis  when  dealing  with  chronic  cases.  In  endemic 
areas,  xeno-diagnosis  is  frequently  employed.  In 
this  procedure  a  "clean"  (uninfected)  triatomid 
bug  is  allowed  to  bite  the  patient.  If  the  patient  is 
infected,  the  fecal  material  of  the  bug  will  contain 
the  organisms  after  about  10  Says. 

3-26.  In  this  study  of  the  trypanosomes,  note 
that  the  African* trypanosomes  and  T.  cruzi  are 
found  on  separate  continents,  yet  they  are  very 
-closely  related  organisms.  The  next  organisms  that 
we  will  discuss  are  the  intestinal  parasites  Chile 
mastix  mesnili  and  Giardia  lamblia.  They  are  not 


A        TROPHOZOITE  B  CYST 

Figure  4.    ChUomastix  mesniliL 

systematically  closely  related;  but  because  they 
form  resistant  cysts,  it  will  be  convenient  for  you 
to  study  them  together.  I 

3-27.  ChUomastix  and  Giardia)  These  orga- 
nisms are  flagellated,  protozoan  ^parasites  of  the 
human  intestinal  tract.  ChUomastix  mesnili  nor- 
mally inhabits  the  large  intestine,  while  Giardia 
lamblia  inhabits  the  upper  small  intestine.  Each  of 
these  organisms  exhibits  actively  motile  tropho- 
zoites and  also  resistant  encysted-forms.  They  are 
passed  from  the  body  in  fecal  material  in  either 
form^sxcept  in jevere  diarrhea.  Injeyere  diarrhea 
the  predominant  form  found  is  the  trophozoite;.  C 
mesnili  and  G.  lamblia  do  jiot  produce  serious  in- 
testinal disease..  In  fact,  some  authorities/consider 
them  non-pathogens.  Since  G.  lamblia  is  one  of 
the  most  ffequently  found  human  intestinal  para- 
sites, it  is  appropriate  that  you  become  familiar 
with  this  group. 

3-28.  ChUomastix  mesnili.  This  parasite  is 
found  in  the  lumen  of  the  large  intestine  and  ob- 
tains food  from  enteric  bacteria  in  the  large  intes- 
tine. It  is  widely  distributed,  but  is  more  prevalent 
in  warm  climates. 

3-29.  The  parasite  occurs  in  the  trophozoite 
anfl  cystic  stages.  Freshly  passed  liquid  stools  show 
trophozoites  that  are  very  actively  motile;  they 
move  about  in  a  jerky,  spfral  fashion  with  .direc- 
tional movement.  Movement  is  accomplished  by 
means  of  flagella  which  can  be  observed  in  stained 
preparations.  Figure  4A  shows  a  drawing  of  the 
trophozoite. 

3-30.  The  distinctive  features  of  the  trophozoite  ' 
are  clearly  visible  in  hematoxylin  stained  prepara- 
tions. Prominent  internal  structures  include  an  an- 
teriorly located  n^gus  and  a  primitive  mouth 
(cytostome).  The^KHeus  has  a  well-defined  nu- 
clear membrane.  The  karyosome  is  small,  dot-like, 
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and  centrally  located.  Immediately  above  the  nu- 
cleus in  the  anterior  end  of  the  organism  there  is  a 
small  group  of  blepharoplasts,  from  which  three 
flagella  extend  anteriorly.  A  fourth  extends  poster- 
iorly about  one-half  the  length  pf  the  body.  There 
are  two  curved  fibrils,  one  on  each  side  of  the  cy- 
tostome. 

3-31.  Stained  cysts  of  this  species  are  lemon 
shaped,  as  shown  in  figure  4B.  in  length  they  are 
about  equal  to  the  diameter  of  a  red  blood  cell  and 
about  two-thirds  as  wide.  The  most  characteristic 
morphological  structure  is  a  protuberance  on  one 
margin,  giving  the  cysts  the  shape  of  a  lemon. 
Cysts  usually  contain  a  single  nucleus  situated  near 
th£  protuberance.  Remnants  of  the  trophozoite  re- 
maining in  the  cyst  are  the  cytostome  and  the  two 
fibrils. 

3-32.  C.  mesnili  is  not  pathogenic.  One  must  be 
careful  in  laboratory  examinations  not  to  confuse 
the  organism  with  Trichomonas  hominis,  which  is 
also  found  in  fecal  specimens.  Confirmation  is* 
made  by  examining  fixed  stained  preparations. 

3-33.  Giardia  lamblia.  In  fresh  preparations, 
the  trophozoite  of  this  species  is  actively  motile 
and  demonstrates  nondirectional  movement.  It  re- 
sembles a  longitudinally  cut  pear.  It  is  about  twice 
the  diameter  of  a  red  blood  cell  in  length,  and  only 
slightly  wider  than  a  red  blood  cell.  It  is  shaped 
much  like  a  saucer.  The  concave  side  forms  a 
sucking  disc  b^  which  the  parasite  adheres  to  mu- 
cous membrane  surfaces* 

3-34.  The  best  way  for  yon  To  study  The  dc- 
tailed  morphology  of  this  species  is  to  use  an  iron 
hematoxylin  stained  preparation.  G.  lamblia  is  the 
only  bilaterally  symmetrical  protozoan  infecting 
man.  Figure  5A  shows  some  of  the  important 


Figure  6.    Trichomonas  vaginalis. 

structures.  Distinctive  features  that  you  usually 
find  are: 

a.  Four  pairs  of  flagella. 

ft.  Two  nuclei  in  the  anterior  third  of  the  body, 
one  on  either  side  of  the  axostyles. 

c.  A  rod-like  structure  lying  diagonally  across 
the  center  of  the  body  that  is  believed  to  be  the 
parabasal  body. 

-3-35*  Ihk  organisraJs^commonly  icumdJiLJh^ 
cystic  stage  but  is  frequently  found  in  the'tropho- 
zoite  stage  in  loose  stools.  In  hematoxylin  stained 
preparations  of  the  cystic  stage,  the  nuclei  stand 
out  as  four  "eye-like"  ovid  objects  similar  to  the 
nuclei  seen  in  the  trophozoite.  These  nuclei  are 
generally  grouped  near  the  anteria&md  of  the  or- 
ganism. The  remains  of  the  axostyles  also  appear 
as  curved  rods  running  down  the  center  of  the 
cyst.  Figure  SB  shows  these  features  in  a  drawing 
of  the  cyst. 

3-36.  Giardia  lamblia  is  the  most  frequently  di- 
agnosed parasite  in  the  intestine  of  man.  It  does 
not  usually  produce  any  illness  of  significance. 
The  organism  has  been  implicated  as  the  cause  of: 

•  Intestinal  irritation. 

•  Chronic  diarrhea. 

•  Slight  epigastric  pain. 

•  Decrease  in  fat  absorption. 

•  Weight  loss. 

3-37.  The  Trichomonads.  The  trichomonads 
are  small  flagellated,  pear-shaped  protozoans  with 
prominent  undulating  membranes.  They  do  not 
form  cysts  and,  as  a  result,  are  usually  seen  as  ac- 
tively motile  trophozoites.  On  occasions  they  as- 
sume a  rounded-up  form  that  resembles  a  cyst. 


Figure  7.    Trichomonas  tenax. 

They  are  not  genuine  cysts.  These  organisms,  as  a 
rule,  thrive  where  there  is  a  lack  of  personal  hy- 
giene. The  most  common  human  trichomonads 
are:  Trichomonas  vaginalis,  T.  tenax,  and  T,  hom- 
inis.  T.  vaginalis  is  considered  a  mild  pathogen. 
The  other  trichomonads  are  considered  nonpatho- 
gens. 

3-38.  Trichomonas  vaginalis.  This  species  has  a 
worldwide  distribution.  The  organism  exists  only 
in  the  trophozoite  stage.  When  found  in  fresh  ur- 
ethral or  vaginal  discharges,  the  trophozoites  are 
readily  visible  under  high  dry  magnification.  The 
presence  of  flagellates  in  the  genitourinary  tract 
strongly  suggests  diagnosis  of  T.  vaginalis.  Na 
other  flagellates  are  ordinarily  found  at  that  site  in 
man.  Figure  6  is  a  drawing  of  the  organism. 

3-39.  The  internal  and  external  structures  of  T. 
vaginalis  are  best  observed  if  the  preparation  has 
been  stained.  There  are  four  anteriorly  directed 
flagella  arising  from  the  blepharoplast.  A  fifth  flag- 
ellum  is  directed  posteriorly  along  the  margin  of 
the  relatively  short  undulating  meritbrane.  It  does 
not  extend  beyond  the  posterior  limit  of  the  mem- 
brane. The  nucleus  is  usually  elongated,  with  the 
nuclear  chromation  uniformly  distributed.  There 
are  numerous  rod-like  granules  evenly  distributed 
throughout  the  cytoplasm.  The  supporting  axostyle 
originates  in  the  blepharoplast  and  terminates  pos- 
teriorly in  a  long,  free  portion  protruding  from  the 
body  wall. 

3-40.  In  females  T.  vaginalis  causes  severe  irri- 
tation of  the  vaginal  and  urethral  mucosa.  The 
inflammatory  condition  that  results  can  be  very  in- 
tense. The  inflammation  develops  from  the  degen- 
eration of  the  epithelium  caused  by  large  numbers 
of  flagellates.  This  condition  causes  the  increased 
production  of  vaginal  secretions.  In  the  male  the 
flagellates  may  cause  an  irritating  urethritis  or 
prostatitis. 


3-41.  Laboratory  diagnosis  is  made  by  the  re- 
covery and  identification  of  the  organisms  from 
vaginal  or  urethral  secretions.  Frequently  the  or- 
ganism is  found  in  centrifuged  urine  specimens. 
Motile  forms  can  be  observed  for  about  1  hour  in 
urine  after  the  specimen  is  voided.  More  than  1 
hgur  after  the  specimen  is  voided  you  will  nor- 
mally find  only  nonmotile  organisms.  To  recover 
the  parasite  from  genitourinary  secretions  collect  , 
the  specimens  on  cotton-tipped  applicator  sticks. 
Place  the  applicator  sticks  in  a  small  amount  of 
normal  saline.  Reliable  culture  techniques  are 
available  and  should  be  employed  when  direct 
smears  are  negative.  Avoid  contamination  of  urine 
by  feces  because  T.  hominis  can  be  easily  mis- 
taken for  T.  vaginalis. 

3-42.  Trichomonas  tenax.  This  trychomonad  is 
a  common  parasite  of  the  mouth.  It  lives  in  the 
tartar  around  the  teeth  and  gingival  margins.  T. 
tenax  is  encountered  in  all  areas  of  the  world. 

3-43.  T.  tenax  has  been  recovered  only  in  the 
trophozoite  stage.  It  has  a  length  of  6  to  12  mi- 
crons and  a  granular  cytoplasm.  The  undulating 
membrane  is  relatively  short  In  stained  prepara- 
tions, the  axostyle  protrudes  a  considerable  dis- 
tance beyond  the  posterior  margin  of  the  body. 
Figure  7  shows  a  drawing  of  the  T.  tenax. 

3-44.  T.  tenax  is  of  little  pathological  signifi- 
cance and  is  considered  to  be  harmless.  It  has 
been  incriminated,  however,  in  a  few  respiratory 
infections  and  lung  abscesses,  probably  as  a  sec- 
ondary invader.  The  presence  of  the  organism  in- 
dicates very  poor  deritaf  and  oral  hygiene. 

3-45.  You  can  recover  T.  tenax  by  obtaining 
smears  from  areas  between  the  teeth,  margins  of 
the  gums,  and  tonsils.  Make  plain  wet  mounts  or 
stain  slides  of  material  from  the  mouth  to  isolate 
the  parasite. 


Figure  8.    Trichomonas  hominis. 
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3-46.  Trichomonas  hominis.  As  with  the  other 
trichomonads  there  is  no  known  cystic  stage.  In 
fresh  preparations  (wet  mounts)  the  organism  ex- 
hibits a  wobbly  yet  progressive  motion  which  is 
brought  about  by  the  active  vibration  of  the  flag- 
ella  and  the  undulating  membrane.  To  observe  the 
organism  as  shown  in  figure  8,  the  microscope 
light  must  be  decreased  considerably,  since  the  par- 
asite is  very  hyaliue,  clear,  and  finely  granular. 
Specimens  stained  with  hematoxylin  show  the  in- 
ternal and  external  strucfrfcre  very  clearly. 

3-47.  The  distinctive^j^fires  of  T.  hominis 
are: 

•  Pear-shaped  body. 

•  Three  to  five  anteriorly  directed  flagella 
originating  from  the  blepharoplast. 

•  A  single,  posteriorly  directed  flafellum 
which  also  originates  from  the  blepharoplast  and 
borders  an  undulating  membrane. 

•  The  flagellum  bordering  the  undulating 
membrane  extends  beyond  the  posterior  margin  of 
the  membrane. 

•  A  prominent  nucleus. 

3-  48.  You  will  find  motile  T.  hominis  only  in 
fresh  stool  preparations.  This  species  has  no 
known  pathological  significance.  You  must  be  able 
to  identify  the  organism  in  case  of  contaminatipn 
of  urine  specimens  with  feces.  There  are  two  fea- 
tures for  differentiation  between  T.  hominis  and  T. 
vaginalis  when  stained  with  hematoxylin,  namely; 

a.  The  undulating  membrane  of  T.  hominis  is 
longer  and  the  flagellunfe  bordering  that  membrane 
extends  beyond  the  posterior  border. 

b.  T.  hominis  averages  7  to  8  microns  in 
length,  while  T.  vaginalis  averages  13  microns  in 
length. 

4.  Ammbam 

4-  1.  Finding  and  accurately  identifying  cysts 
and  trophozoites  of  amebae  in  the  routine  exami- 

*  nation  of  specimens  is  one  of  the  most  difficult 
tasks  confronting  the  laboratory  technician.  One 
must  be  able  to  differentiate  those  of  medical  im- 
portance from  those  which  are  harmless.  Our 
study  of  the  amebae  will  be  confined  to  the  seven 
listed  in  table  2.  The  organisms  will  be  discussed 
in  the  order  given  in  table  2. 

4-2.  Six  of  these  amebae  inhabit  the  human  in- 
testinal tract,  and  one  is  found  in  the  spaces 
around  the  teeth.  Various  stages  that  you  can  find 
in  fresh  specimens  and  in  fixed  preparations  will 
be  described  in  the  section  which  follows. 

4-3.  Entamoeba  Histolytica,  This  species  is 
the  most  pathogenic  of  the  amebae  because  of  its 
ability  to  invade  and  destroy  tissue.  It  has  been 
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Figure  9.    Entamoeba  histolytica. 

found  in  populations  worldwide.  The  organism  is 
more  prevalent  in  warmer  climates  than  in  cooler 
areas. 

4-4.  Figure  9A  represents  a  drawing  of  the 
trophozoite  of  E  histolytica.  Trophozoites  are  three 
or  four  iimes  the  size  of  a  red  blood  cell.  An  ac- 
tively motile  trophozoite  has  a  clear  zone  of  ecto- 
plasm occupying  about  a  third  of  the  entire  cell. 
The  remainder  is  composed  of  fine  granular  endo- 
plasm  in  which  food  vacuoles  and  the  nucleus  float 
about.  When  warm,  these  amebae  are  very  active. 
They  move  rapidly  and  extend  a  single,  clear  pseu- 
dopod  in  any  direction.  However,  they  do  tend  to 
travel  in  a  straight  line.  Foojd  inclusions  consist  of 
red  blood  cells,  white  blood  cells,  and  other  cellu- 
lar debris.  The  nucleus  in  fresh  preparations  may 
be  barely  visible  as  a  faint  ring  or  not  visible  at  all. 
In  stained  preparations  the  ectoplasm  and  endo- 
plasm  are  not  differentiated  into  clearly  defined 
zones.  In  all  stages  of  development,  the  nucleus  is 
almost  perfectly  circular.  The  limiting  membrane 
of  the  nucleus,  known  as  the  nuclear  membrane, 
has  on  its  inner  surface  a  thin  layer  of  evenly  dis- 
tributed chromatin  granules  that  are  bead-like  in 
arrangement.  At  the  center  of  the  nucleus  is  a 
small  dot-like  body  known  as  the  endosome  or* 
karyosome.  In  the  course  of  transition  from  ths  ac- 
tive trophozoite  to  the  dormant,  cyst  stage  several 
well-defined  intermediate  stages  can  be  identified. 

4-5.  Progressing  from  the  trophozoite  stage,  the 
precyst  shown  in  figure  9B  is  seen  next.  The  uni- 
nucleate, binucleate,  and  quadrinucleate  cyst  (ma- 
ture form)  follow  in  succession.  Asvthe  encystment 
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process  begins,  pseudopods  are  lost  and  the  orga- 
nism rounds  up.  A  well-defined  cyst  wall  or  protec- 
tive covering  is  secreted  as  encyst  men  t  advances. 
As  the  cyst  develops,  foo4  inclusions  are  extruded 
and  chromatin  bodies  of  varying  shapes  and  sizes 
appear.  The  uninucleate  cyst  occasionally  displays 
a  broad,  oval  clear  area  which  is  a  glycogen  vac- 
uole. Figure  9C  shows  the  organism  as  it  prog- 
resses to  the  binucieate  stage.  The  glycogen 
vacuole,  when  present,  becomes  smaller  and 
chromatoidal  material  begins  to  congregate  into 
fewer  and  more  uniform  masses  as  the  cyst  matures. 

4-6.  The  mature  cyst  has  four  nuclei  and  is 
shown  in  figure  9D.  Throughout  this  gradual  tran- 
sition the  intranuclear  characteristics  remain  un- 
changed. The  dot-like  karyosome  and  the  pe- 
ripherally arranged  bead-like  chromatin  granules 
are  identical  in  all  stages  of  development.  Glyco- 
gen vacuoles  are  not  usually  observed  in  the  ma- 
ture cyst.  The  principal  morphological  features  of 
the  mature  cyst  are  the  presence  of  four  nuclei  and 
rod-like  chromatoidal  bodies  -with  smoothly 
rounded  ends.  In  old  cysts  the  chromatoidal  bodies 
may  be  comRjetely  lacking. 

4-7.  If  the  parasite  invades  the  intestinal  tissue, 
the  chances  are  very  great  that  the  organisms  will 
go  on  to  invade  the  liver,  especially  if  the  patient  is 
not  treated.  Furthermore,  invasion  of  the  skin, 
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lungs,  and  brain  has  been  known  to  occur.  Fatali- 
ties, although  rare,  do  occur. 

4-8.  Identification  of  E>  histolytica  is  not  too 
difficult  if  you  have  the  proper  type  of  specimen. 
In  fresh,  warm  stool  specimens  trophozoites  of  E. 
histolytica  will  be  actively  motile  and  move  in  a 
definite  direction,  while  the  trophozoites  of  Enta- 
moeba coli  will  move  in  a  sluggish  manner  with- 
out direction.  You  should  not  expect  to  find  tro- 
phozoites in  formed  stool  specimens.  However, 
you  can  easily  identify  cysts  in  stained  smears. 
You  should  examine  liquid  stools  as  soon  as  pos- 
sible after  elimination  and  make  smears  of  any, 
mucus  that  you  find.  Trophozoites  are  most  often 
found  in  the  mucus.  Early  examination  is  nec- 
essary because  trophozoites  degenerate  in  a  very 
short  time.  The  sample  should  be  immediately 
preserved  if' it  cannot  be  examined  at  once. 

4-9.  Entamoeba  Hartmanni.  E.  hartmarmi  is 
the  organism  that  has  been  previously  known  as 
small  race  E.  histolytica.  Morphologically  E.  hart- 
manni is  exactly  like  E.  histolytica,  except  that  the 
cysts  are  less  than  10/x  in  size,  whereas,  those  of 
E.  histolytica  are  greater  than  10/x.  It  is  important 
that  you  be  able  to  make  this  differentiation,  be- 
cause E.  hartmanni  is  not  known  to  be  pathogenic, 
whereas  E.  histolytica  may  produce  very  serious 
disease. 
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Figure  11.    Entamoeba  gingivalis. 

4*10.  Entamoeba  Coli.  This  parasite  is  found 
in  all  countries  of  the  world.  There  are  several 
characteristics  which  differentiate  this  species  from 
E.  histolytica.  E.  coli  is  the  largest  of  the  intestinal 
amebae  and  displays  numerous  types  of  food  in* 
elusions  including  bacteria,  starch,  fragments  of 
the  host's  body  cells,  and  yeast.  Movement  is  slug- 
gish and  nondirectional.  Pseudopods  are  usually 
very  narrow  and  composed  mostly  of  endoplasm. 
They  are  less  hyaline,  much  shorter,  and  more 
blunt  than  those  of  E.  histolytica.  Figure  10A  de- 
picts the  trophozoite  stage. 
-  4-11.  In  unstained  preparations  the  nucleus  of 
E.  coli  is  usually  visible,  appearing  as  a  large  re- 
fractile  ring  within  which  may  be  seen  a  small  ec- 
centric hyaline  mass,  the  karyosome.  Among  the 
distinctive  characteristics  found  in  stained  prepara-, 
tions  is  a  prominent  nucleus.  On  the  inner  peri- 
phery of  the  nuclear  membrane  the  chromatin 
material  is  arranged  in  irregular  masses.  The  karyo- 
some is  comparatively  large  knd  usually  offcenter 
within  the  nucleus.  As  the  organism  progresses 
through  the  various  stages  in  the  process  of  encyst- 
ment,  several  clearly  recognizable  transitional 
forms  can  be  observed.  These  include  precysts, 


binucleate  cysts,  quadrinucleate  cysts,  and  mature 
cysts  with  eight  nuclei* 

4-12.  During  transitran  from  the  trophozoite  to 
the  precystic  stage  shown  in  figure  I  OB,  food  in- 
clusions are  expelled;  and  many  small  masses  of 
chromatin  material  appear.  A  glycogen  vacuole  is 
frequently  present,  and  it  may  push  the  nucleus  off 
to  one  side  of  the  precyst. 

4-13.  The  next  stage  observed  is  the  binucleate 
cyst  shown  in  figure  10C.  A  rather  dense  mass  of 
clycogen  is  often  found  in  "unripe"  cysts.  It  is  eas- 
ily demonstrated  with  iodine  stain.  As  the  cyst 
"ripens,"  the  glycogen  material  appears  less  dense 
or  entirely  disappears. 

4-14.  Two  further  nuclear  divisions  occur,  re- 
sulting in  the  eight-nucleated  (mature)  form.  This 
is  shown  in  figure  10D.  At  this  stage  most  of  the 
chromatoid  material  has  disappeared  and  that  re- 
maining consists  of  irregularly  shaped  "splinter- 
like" particles. 

4-15.  E.  coli  produces  neither  symptoms  nor 
pathology  in  man.  It  definitely  presents  a  problem 
in  differentiating  it  from  the  pathogenic  E.  histoly- 
tica, especially  for  technicians  who  have  not  had 
practice  in  comparing  the  two  parasites  in  the  troph- 
ozoite stage. 

.  4-16.  Entamoeba  Gingivalis.  No  cyst  of  E. 
gingivalis  has  been  observed.  As  the  parasite  un- 
dergoes, active  movement,  you  can  see  a  distinction 
between  the  ectoplasm  and  endoplasm.  The  psu- 
dopods  form  various  shapes  while  the  parasite  is  in 
V  motion.  Figure  IT  represents ;  a  drawing  of  this 
species  in  motion. 

4-17.  E.  gingivalis,  like  Trichomonas  tenax,  is 
^  found  in  the  tartar  between  the  teeth.  The  specific 
identifying  features  are  a  round  nucleus,  a  nuclear 
membrane  lined  with  chromatin  granules,  and  a 
small,  centrally  located  karyosome.  These  features 
can  be  observed  only  in  stained  preparations./ 

4-18.  E.  gingivalis  is  not  a  pathogenic  amebae; 
but  its  presence  indicates  poor  oral  Hygiene,  since 
the  organism  thrives  on  diseased  gums  and  unheal- 
thy oral  conditions.  You  must  be  able  to  differen- 
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Figure  12.    Endolimax  nana. 
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Figure  13.   Dientamoeba  fragilis. 

tiate  E.  gingivalis  from  T.  tenax  and  other  orga- 
nisms found  in  the  mouth,  / 

4-19.  Endofimax  Nana.  This  species  is  small, 
as  its  name  implies.  It  has  a  diameter  of  6  to  15 
microns.  Like  E.  histolytica  and  E.  coli,  it  is  found 
worldwide.  E.  nana  has  all  the  stages  of  develop- 
ment that  are  found  in  E.  histolytica  and  E.  coli. 
Generally,  movement  of  the  trophozoite^  non- 
directional,  and  pseudopods  are  extruded  in  var- 
ious directions.  Figure  12 A  provides  a  drawing  of 
the  trophozoite  stage. 

4-20.  The  cytoplasm  of  the  E.  nana  tropho- 
zoites is  finely  granulated  and  has  vacuoles.  In 
stained  preparations,  nuclear  characteristics,  size, 
and  appearance  are  the  important  points  by  which 
you  can  identify  0e  species.  The  nuclear  mem- 
brane is  often  invisible,  and  the  nucleus  is  made 
conspicuous  by  a  large  eccentric  karyosome.  The 
area  between  the  ill-defined  nuclear  membrane 


and  the  karyosome  forms  a  "halo-like, "  narrow, 
clear  zone  free  of  granulation,  m 

4-21.  As  the  organism  develops  into  the  cyst 
stage,  the  food  inclusions  are  lost;  and  the  cyto- 
plasm becomes  more  granular.  Gradually  a  thin 
elastic  cyst  wall  is  secreted.  Figure  12B  demon- 
strates the  binucleate  cyst  In  this  Stage,  the  nu- 
clear characteristics  are  similar  fl^  those  of  the  uni- 
nucleate form. 

4-22.  Figure  12C  shows  the  appearance  of  the 
mature  cyst.  The  mature  stage  is^the  form  most 
frequently  seen  in  routine  fecal  examinations.  In 
stained  preparations,  you  will  fincjr  the  four  nuclei 
clustered,  usually,  at  one  pole  of  the  cyst.  The  kar- 
yosomes  and  the  surrounding  nuclear  membranes 
are  oval  in  shape.  The  karyosome  fills  about  one- 
half  the  total  area  of  the  nucleus.  Cysts  are  some- 
times round,  but  most  often  they  are  ovoid  in 
shape.  Chromatoidal  bodies  are  occasionally  seen 
in  this  species  as  small,  slightly  curved  rods  in- the 
cytoplasm.  The  endpplasm  often  contains  a  num- 
ber of  small  refractile  granules. 

4-23.  E.  nana  is  nonpathogenic,  and  you  will 
find  the  parasite  qjiite  often  during  routine  fecal 
examinations.  You  can  see  the  organism  in  wet 
preparations,  but  it  is  difficult  to  differentiate  from 
other  species.  However,  the  organism  is  easy  to 
identify  in  stained  preparations. 

4-24.  .Dientamoeba  FragQb.  Living  trophozo- 
ites of  this  species  project  dear  pseudopods.  The 
movement  of  the  organism  is  active  and  progres- 
sive- With  a  drop  in  temperature,  the  organism 
soon  becomes  inactive,  rounds  up,  and  quickly  de- 
generates. .The  organism  ruptures  quickly  in  tap 
water  and  disintegrates.  This  is  the  onty  intestinal 
ameba  of  man  in  which  no  cystic  stage  is  known. 
Figure  13  (A  and  B)  shows  drawings  of  both  the 
uninucleate  and  binucleate  trophozoites. 
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4-25.  An  examination  of  the  distinctive  fea- 
tures of  D.  fragilis  in  stained  preparations  shows 
that  the  cytoplasm  is  fine  granular  in  appearance. 
Food  inclusions  generally  consist  of  bacteria. 
About  SO  percent  of  the  ofjMnuum  of  thix  niwic* 
contain  two  nuclei.  Each  karyosome  consists  of  an 
aggregation  of  four  to  eight  separate  granules.  The 
nuclear  membrane  is  indistinct,  or  invisible,  and 
there  is  no  chromatin  lining  on  the  inner  periphery 
of  the  nuclear  membrane. 

4-26.  In  a  few  cases,  D.  fragilis  has  been  sus- 
pected of  producing  a  slight  irritation  of  the  intes- 
tinal mucosa.  There  is  no  invasion  of  the  intestinal 
tissue.  The  incidence  of  this  parasite  in  the  United 
States  is  very  low. 

4-27.  Iodamoeba  Butschlii.  /.  butschlii  is 
found  in  all  countries  of  the  world  but  is  less  com-^ 
mon  than  some  of  the  other  amebae.  It  is  the  only 
species  of  intestinal  ameba  of  man  in  which  a  sin- 
gle nucleus  persists  throughout  both  the  tropho- 
zoite and  cystic  stages. 

4-28.  The  living  trophozoite,  shown  in  figure 
14A,  is  about  one  and  one-half  times  the  diameter 
of  a  red  cell.  Movement  is  sluggish;  pseudopods 
are  leaf-like  and  greenish  yellow  in  appearance. 
They  have  broad  clear  margins.  You  will  have  dif- 
ficulty in  differentiating  the  trophozoites  of  J. 
butschlii  from  those  of  E.  hartmanni  if  you  do  not 
pay  close  attention  to  the  nuclear  detail. 

4-29.  The  cyst  stage  of  /.  butschlii  has. a"  single 
nucleus,  as  shown  in  figure  14B.  The  nucleus  is 
spherical,  has  a  rather  thick  membrane,  and  has  a 
large  karyosome  which  is  central  or  somewhat  ec- 
centric. The  nuclear  membrane  in'  well-stained 
preparations  displays  irregularly  spaced  chromatin 
granules  which  appear  as  a  "scallop-like"  fringe 
lining  the  membrane.  A  unique  feature  of  this  or- 
ganism is  the  large  glycogen  vacuole  which  stains 
brown  with  iddine.  The  cyst  is  usually  neither 
round  nor  oval  but  rather  irregular  with  no  spe- 
cific form. 


IMMATURE  OOCYST 
Isosporo  belli 


4-  30.  Laboratory  identification  of  this  species 
requires  stained  specimens.  It  is  best  for  you  to  use 
both  hematoxylin  and  iodine  stained  preparations. 
One  must  be  careful  to  distinguish  the  parasite 
tt\m  Ami  f-\  Wft**nw)\  1  fa***R? 
is  usually  considered  to  be  harmless. 

5.  Sporoxoa 

5-  1.  The  sybphyluta  Sporozoa  includes  ieveral 
species  that  parasitize  man.  These  are  the-Xo.tiK 
plasma  organisms,  the  cocidia  and  the  extremely 
important  malarial  parasites. 

5-2.  Sporozoan  organisms  have  an  interesting 
and  complex  life  cycle.  They  reproduce  through 
alternating  sexual  and  asexual  cycles.  The  coccidia 
go  through  both"  the  sexual  and  asexual  cycle  in 
\  one  host.  The  malarial  parasites  require  two  hosts. 
V^tj>rgsefit,  very  little  is  known  about  the  repro- 
ductive cycle  of  Toxoplasma. 

5-3.  In  the  sexual  <$cle,  male  and  femafcfga- 
metes  join  to  fojm  a  zygote  which  develops  into  an 
"  oocyst.  When  the  oocyst  reaches  maturity,  it  rup- 
tures and  releases  sporozoites.  This  is  the  sexual 
cycle,  referred  to  as  sporogony. 

5-4.  The  asexual  cycle  is  initiated  by  the  sporo- 
zqites  which,  in  developing,  are  transformed  into 
trophozoites.  -Each  trophozoite  produces  a 
schizont.  The  schizont  produces  a  number  of 
merozoiteSi  This  is  the  asexual  cycle  and  is  re- 
ferred to  as  schizogony.  Some  of  the  merozoites 
will  develop  into  male  gametocytes;  others  will 
develop  into  female  gametocytes.  These  unite  to 
,  start  the  sexual  cycle  again. 

5-5.  We  shall  limit  our  discussion  of  the  orga- 
nisms in  the  subphylum  Sporozoa  to  two  species  of 
Isospora,  the  Plasmodia  (malarial  parasites),  and 
one  Toxoplasma  Species  (Toxoplasma  gondii). 
These  three  groups  are  representative  of  the  spo- 


isosporo  homims 


Figure  15.  Coccidia. 
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rozoa  and  include  almost  all  of  the  organisms  of 
the  subphylum  Sporozoa  that  parasitize  man. 

5-6.  The  Coccidia*  Isospora  hominis  and 
Isospom  belli  are  the  only  member/of  the  subclass 
Coccidia  that  parasitize  man.  The  organisms  in- 
vade and  destroy  the  mucosal  tissue  of  the  small 
intestine  and  cecum,  causing  a"  mucous  diarrhea, 
low-grade  fever,  loss  of  appetite,  and  nausea. 

*5-*7.  Fresh  fecal  specimens  from  infected  per- 
sons yield  either  oocysts  or  sporocysts,  depending 
on  which  species  causes  the  infection.  If  the  infec- 
tion is  caused  by  Isospora  belli,  immature  oocysts 
are  passed.  The  immature  oocyst  illustrated  in  fig- 
ure 15A  looks  like  a  thick-walled,  transparent, 
lemon-shaped  structure  containing  a  single  spheri- 
cal mass  of  protoplasm.  If  you  keep  the  stool  at 
25°  to  30°  C  for  several  hours,  the  protoplasmic 
mass  will  divide  into  two  equal  masses  which  are 
the  immature  sporocysts.  After  18-36  hours,  you 
will  find  four  sporozoites  within  each  sporocyst. 
The  sporocyst  membrane  is  thin  and  very  difficult 
to  see. 

5-8.  In  infections  caused  by  Isospora  hominis, 
you  will  find  mature  sporocysts  in  fresh  fecal  ma- 
terial. They  are  illustrated  in  figure  15B.  Yoji  may 
find  them  singly  or  in  pairs.  The  single  ones  that 
you  see  have  been  released  from  ripe  oocysts. 
Some  workers  feel  that  /.  hominis  infections  occur 
higher  in  the  gut  than  /.  belli  infections  and  that 
this  results  in  mature  sporocysts  being  passed. 

5-9.  If  you  examine  fecal  material  using  the 
usual  screening  or  concentration  techniques,  it  is 
v  unlikely  that  you  will  find  either  df  The  organisms. 
This  is  due  to  the  fact  that  in  active  infections, 
oocysts  are  not  passed  in  large  numbers.  Also,  the 
oocysts  and  sporocysts  are  so  transparent  they  are 
usually  overlooked.  If  a  coccidia  infection  is  sus- 
pected, then  you  must  thoroughly  examine  the 


( 


Figure  16.    Toxoplasma  gondii. 


erIc- 


Figure  17.   Reproductive  Process  of  T.  gondii. 


specimen  using  good  concentration  techniques. 
The  concentrated  sample* should  be  stained  with 
iodine.  Oocysts  and  sporozoites  do  not  take  up  the 
stain  and  will  appear  as  shiny,  transparent,  un- 
stained bodies  surrounded  by  stained  sediment. 

5-10.  Toxoplasma  Gondii.  T.  gondii  is  a  sporo- 
zoan  parasite  that  commonly  infects  many  differ- 
ent birds  and  mammals,  including  man.  It  is  most 
prevalent  in  moist,  warm  climates,  but  it  has  been 
reported  from  all  continents  of  the  world.  The  or- 
ganism (fig.  16)  is  a  small  comma-shaped,  slightly 
oval  body  6  to  7  microns  long  by  2  to  3  microns 
wide.  When  stained  with  Giemsa,  the  organism 
shows  a  delicate,  light  blue  cytoplasm  with  a  red- 
dish, oval  nucleus  towards  the  broad  end. 

5W11.  Very  little  is  known  concerning  the  trans- 
mission of  7*.  gondii.  It  is  known  that  it  can  be 
passed  from  an  infected  mother » to  an  unborn 
child.  It  is  also  known  that  transmission  occurs 
when  improperly  cooked  infected  flesh  is  eaten. 
Once  the  organism  infects  an  animal  it  reproduces 
itself  by  endodyogeny.  The  process  (fig.  17)  be- 
gins witlv  a-longitudinal  division ^of  the  Jiucleus. 
The  two  daughter  nuclei  each  take  on  part  of  the 
cytoplasm  of  the  parent  cell.  Two  immature  orga- 
nisms develop  within  the  parent  cell;  and,  at  a  cer- 
tain stage  of  development,  the  parent  cell  ruptures, 
freeing  the  two  daughter  cells. 
^-12.  It  has  been  found  trfat  some  strains  of  7\ 
f^mtii  are  virulent,  whereas  others  are  avirulent. 
Virulent  strains  attack  and  invade  fixed  cells  of 
the  reticuloendothelial  system.  The  organisms  are 
found  free  and  intracellular  in  smears  of  exudates, 
in  granulomatous  tissues,  and  occasionally  even  in 
'  circulating  blood.  Occasional  cells  contain  such 
large  numbers  of  organisms  that  the  cells  appear 
cyst-liksj;  i.e.,  they  are  pseudocysts.  In  humans, 
avirulent  strains  are  usually  discovered  as  inciden- 
tal findings  in  autopsy  specimens.  Avirulent  strains 
are  found  in  thick-walled,  true  cysts.  The  cysts, 
tightly  packed  with  organisms,  are  most  frequently 
found  in  the  brain  and  spinal  cord.  The  next  most 
common  site  is  skeletal  muscle. 

5-13.  On  Giemsa  stained  smears  you  may  have 
difficulty  differentiating  the  various  stages  of  Tox- 
oplasma from  some  similar  organisms.  Individual 
Toxopliisma  organisms  are  very  similar  to  leish- 
mafcia-form  organisms.  However,  the  leishmania- 
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form  organisms  measure  only  2  to  3  microns  in 
length  while  the  Toxoplasma  organisms  measure  6 
to  7  microns  in  length.  Also,  the  leishmania-form 
organisms  have  a  distinct  parabasal  body  that  is 
not  present  in  Toxoplasma  organisms.  Both  are 
primarily  intracellular  organisms;  but  a  few  of 
them  may,  at  times,  be  found  free.  Cells  packed 
with  leishmania-form  organisms  closely  resemble 


the  pseudocysts  of  Toxoplasma.  The  fungus  Histo- 
plasma  capsulatum  is  another  primarily  intracellu- 
lar organism  that  is  easily  confused  with  Toxo- 
plasma. H.  capsulatum  appears  in  the  tissues  as 
small,  oval,  encapsulated  ^east-like  cells,  3  to  5 
microns  in  diameter.  The  organisms  have  a  central 
stained  mass  that  is  surrounded  by  a  clear  zone, 
but  there  is  no  true  nucleus  and  there  is  no  para- 


Merozoites  selectively  develop  into 
male  and  female  gametocytes  within 
the  RBC 


Figure  18.    Asexual  cygp  of  Plasmodia. 
19 


basal  body  present.  H.  capsulatum  stains  red  with 
PAS  while  leishmania-form  organisms  fcnd  Toxo- 
plasma organisms  are  completely  PAS  negative. 
The  thick-walled,  true  cysts  or  Toxoplasma  are* 
strongly  PAS  positive;  i.e.,  stainWgenta. 

5-14.  In  cases  in  which  the  parasite  does  not 
destroy  tissue  or  produce  some  detectable  effect,  a 
serological  test  may  be  of  value  as  an  aid  in  diag- 
nosis. The  most  often  requested  immunologic  pro- 
cedure is  the  Sabin-Feldman  Dye  test.  This  test 
follows  the  procedure  briefly  described  below: 

a.  Dilute  sgnim  four-fold. 

b.  Harvest  stock  culture  Toxoplasma  organisms 
from  3-day  infected  mice.  Organisms  must  be  col- 
lected prior  po  antibody  formation  by  the  mice. 

c.  Add  a  standardized  number  of  organisms  to 
each  tube  of  diluted  serum. 

d.  Add  dye. 

e.  Positive  test:  organisms*  are  not  stained  by 
the  dye.  Anti-Toxoplasma  antibodies  are  present 
and  staining  is  inhibited.  « 

/.  Negative  test:  organisms  are  stained.  Anti- 
Toxoplasma  antibodies  are  not  present  and  stain- 
ing is  not  inhibited.  , 

This  immunologic  test  requires  live  organisms  and 
is  performed  at  the  Communicable  Disease  Center 
of  the  U.  S.  Public  Health  Service.  t 

5-15.  The  Plasmodia.  Malaria,  a  very  debili- 
tating disease,  has  plagued  man  throughout  re- 
corded history.  It  was  prevalent  during  the  Greek 
and  Roman  empires.  The  disease  was  responsible 
for  over  25  percent  of  all  hospital  admissions  dur- 
ing the  Civil  War  and  the  Spanish-American  War. 
Epidemics  of  malaria  severely  hampered  Allied 
operations  in  the  Pacific  and  Asian  theaters  of 
World  War  II.  American  troops  stationed  in 
Korea  during  the  police  action  of  the  early  1950's 
were  exposed  to  its  ravages.  Recently,  it  has  cre- 
ated significant  problems  among  U.S.  Forces  sta- 
tioned in  Southeast  Asia. 

5-16.  Many  different  kinds  of  birds  and  mam- 
mals can  contract  malaria.  However,  specific  spe- 
cies of  Plasmodia  infect  specific  animals.  The  spe- 
cies are  similar  in  many  respects,  but  each  possesses 
qualities  or  characteristics  that  differentiate  it  from 
the  others.  Before  you  study  the  individual  charac- 
teristics of  each  of  these  species,  you  should  famil- 
iarize yourself  with  the  way  these  organisms  repro- 
duce and  how  they  are  transferred  to  man. 

5-17.  The  reproductive  cycle  of  the  malarial 
parasite  is  similar  to  that  of  other  members  of  the 
subphylum  Sporozoa.  It  consists  of  alternating  sex- 
ual and  asexual  cycles.  In  contrast  to  the  sexual 
and  asexual  cycles  of  Isospora  that  take  place  in  a 
single  host,  the  sexual  and  asexual  cycles  of  the 
Plasmodia  take  place  in  two  separate  hosts:  man 
and  mosquitoes.  The  asexual  portion  of  the  cycle 


that  takes  place  in  man  is  schematically  illustrated 
in  figure  18. 

5-18.  lntrahuman  asexual  cycle  oj 'reproduc- 
tion. The  disease  is  started  in  humans  as  a  result 
of  being  bitten  by  an  infected  female  Anopheles 
mosquko.  The  mosquito  needs  a  blood  meal  to 
nourish  herself  prior  to  laying  eggs.  After  the  mos- 
quito inserts  its  proboscis  into  a  capillary,  it  pumps 
saliva  into  the  capillary  to  prevent  coagulation  oi 
the  blood.  Sporozoites  from  the  salivary  glands  are 
deposited  into  the  person's  circulation.  * 

5-19.  Once  sporozoites  get  into  the  circulation, 
they  make  their  way  to  the  liver,  where  they  in- 
vade parenchyma  cells.  It  has  been  estimated  that 
within  30  minutes  after  a  bite  the  sporozoites  are 
completely  removed  from  the  blood. 

5-20.  In  the  liver  the  parasite  begins  the  exoer- 
ythrocytic  stage.  Here  the  sporozoites  mature  intb 
schizonts.  The  schizonts  develop  daughter  mero- 
zoites.  Some  of  the  merozoites  re-enter  other  par- 
enchymal cells  in  the  liver««and  start  the  exoery- 
therocytic  phase  again;  others  enter  the  circulation 
and  invade  red  blood  cells. 

5-21.  The  series  of  events  that  go  on  within  red 
blood  cells  is  referred  to  as  the  erythrocytic  stage. 
The  merozoite,  after  entering  tHe  red  blood  cell, 
develops  into  an  ameba-like  trophozoite.  The  tro- 
phozoite ingests  the  hemoglobin  of  the  cell.  The 
protein  portion  of  hemoglobin  is  used  by  the  par- 
asite as  nourishment;  the  iron  portion  is  not  used. 
This  iron  collects  in  the  parasite,  and  you  see  it  as 
dark  granules  which  are  referred  to  as  malarial 
pigment. 

5-22.  The  trophozoite  continues  to  develop 
until  a  schizont  is  produced.  This  schizont  develops 
numerous  merozoites  which  are  released  into  the 
circulation.  Some  of  these  merozoites  enter  other 
red  blood  cells  and  start  the  erythrocytic  stage 
again.  The  other  merozoites  enter  red  blood  cells 
and  develop  into  gandtetocytes.  The  parasites  are 
sucked  up  ih  the  blood  meal  of  a  ifiosquito.  Within 
the  mosquito,  the  parasite  reproduces  through  the 
sexual  cycle  as  described  below  and  illustrated  in 
figure  19. 

5-23.  Intrdmosquito  sexual  cycle  of  reproduc- 
tion. Gaipietocytes  sucked  up  in  the  blood  meal  are 
differentiated  into  male  microgametocytes  and 
female  macrogametocytes.  They  are  transported  to 
the  mosquito's  mid-gut.  Each  microgametocyte 
eventually  produces  several  flagellated  microga- 
metes  (male  sex  cells).  Each  macrogametocyte  is 
transformed  into  a  single  macrogamete  (oocyte), 
which  is  an  unfertilized  female  sex  cell.  The  union 
of  microgamete  and  oocyte  results  in  a  free-swim- 
ming ookinete,  which  migrates  into  the  stomach 
wall  and  becomes  an  encysted  oocyst,  The  oocyst 
produces  within  itself  numerous  sporozoites.  When 
ripe,  the  oocyst  ruptures  and  releases  the  sporo- 


zoitcs  into  the  body  cavity  of  the  mosquito.  The 
sporozoites  migrate  to  the  salivary  glands,  from 
which  they  escape  when  the  mosquito  feeds. 

5-24.  Study  of  thcxeproductive  cycle  of  malar- 
ial'parasites  in  man  and 'the  mosquito  has  contrib- 
uted greatly  to  efforts  to  control  the  disease.  The 
peculiar  rhythmic  fevers  seen  in  malaria  coincide 
with  the  rupture  of  red  blood  cells  and  the  release 
of  merozoites  from  mature  schizonts.  The  period 
between  fever  peaks  varies^  according  to  which 


species  causes  the  infection.  Table  3  gives  the  time 
intervals  of  the  fever  sprkes  for  each  of  the  species, 
along  with  a  comparison  of  several  other  features 
that  will  aid  you  in  differentiating  them. 

5-25.  In  table  3  you  will  notice  that  ther  four 
species  of  human  malaria  parasites  are: 

•  Plasmodium  vivax 

m  Plasmodium  falciparum. 

m  Plasmodium  maiariae. 

m  Plasmodium  ovale. 


Oocyst  produces  numerous 
sporozoites  then  ruptures 
releasing  sporozoites  into  the 
mosquito's  body  cavity 


Microgametocyte  produces 
several  microgametes  and 
macrogametocyte  produces  a 
single  macrogamete 
or  oocyte  * 
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Oocyte  ts  fertilized  by  a  microgamete 
and  fertile  egg  migrates  into  stomach 
wall  and  encysts 
(oocyst) 


Figure  19.    Sexual  cycle  of  piasmodia. 


Table  3 
Characteristics  of  Plasmodia  Species 


Puration  of 
Asexual  Cycle 

Stages  Seen  in 
Peripheral  Blood 

Shuf f ncr 
Granules 

Appearance 
of  Trophozoite 

Malarial- 
Pigment 

Number  of 
Mcrozoites 
in  SchUont 

r.  .;.-.x 

41  hours 

All 

Yes 

Very  Ameboid 

Light  and 
Diffuse 

Usually  12-18 
.(Could  be  12-24) 

-»a."4i» 

"2  hours 

All  ' 

No 

Compact» 
SI  irfhtly 
Amebo id 

Vc  ry 
^L»ensc 

Usually  8 
iCould  be  6*12) 

43  hours 

u  1    * ; 

Yes 

Slightly 
Amchu id 

li.Cht  and 
l»i  ft  use 

Usually  8 
(Could  be  b- I J i 

4  8  hour"* 

tti  iij»s ,  I  argc 
(•.imctocytcs 

No 

Rare  in 
Peripheral 
lUood 

Dense  »n 
U.tmeto- 
cyte 

Rare  in 
Per  ipheral 
Blood 

The  morphological  features  of  each  is  covered  in 
the  following  discussion. 

5-26,  Plasmodium  vivax.  This  species  is  the 
most  widely  distributed  of  the  Plasmodium  paras- 
ites and  is  found  in  ni\  tropical  zones  of  the  world. 
The  disease  caused  by  an  infection  of  /V  vivax  is 
called  "tertian"  malaria,  a  term  "thai  refers  to  the 
48-hour  period  required  for  schizonic  development 
in  the  blood  to  take  place.  Fever  spikes  occur  at 
48-hour  intervals  (or  every  tfiird  day). 

5-27.  rVforphologically.  the  stages  of  its  devel- 
^oprttent  may  be  summarized  as  follows: 

~~"    young,  trophozoite  (ring  form)  usually 
ge  chromatin  dot.  The  cytoplasmic  circle 
is^arge  an|d  pale  blue  in  color. 

A^growing  trophozoite  has  an  irregular  out- 
line with  several  finger-like  pscudopodia.  Fine, 
yeltow-brown  granules  (malaria  pigment)  may  be 
present  in  the  cytoplasm,  and  the  chromatin  dots 
are  single  and  compact. 

c.  In  the  large  trophozoite,  the  parasite  practi- 
cally fills  the  enlarged  red  blood  cell.  Chromatin  is 
seen  as  an  abundant  loose  or  compact  mass. 

d%  Chromatin  in  an  immature  schizont  is  di- 
vided into  two  or  more  irregular  masses.  Pigment* 
is  generally  clumped  into  several  large  particles. 

e.  A  mature  schizont  or  segmenter  is  divided 
into  12  to  24  merozoites  with  pval  nuclei  sur- 
rounded by  a  similarly  shaped  mass  of  cytoplasm. 

/.  The  macrogametocyte  is  circular  or  ovoid, 
with  homogenous  cytoplasm  that  has  no  vacuoles. 
The  chromatin  dot  is  single,  small,  compact,  dark 
red  in  color,  and  eccentric  in  position. 

g.  Usually  the  microgametocyte  is  circular 
when  fully  mature*  Cytoplasm  stains  light  blue  and 
the  chromatin  mass  is  large,  diffuse,  light  red  in 
color,  and  located  at  or  near  the  center  of  the  or- 
ganism. 

5^28.  Specific  features  of  P.  vivax  can  be  ob- 
served in  the  drawings  in  foldout  1  (FOs  1  thru  3 
located  in  back  of  volume).  The  drawings  show 


the  appfearance  of  the  various  stages  as  seen  in  the 
red  blood  cells  on  stained  preparations. 

5-29.  Plasmodium  falciparum.  Parasites  of  this 
species  produce  -a  disease  called  "malignant  ter- 
tian" or  estivo-autumna!  (Summer-Autumn)  ma- 
laria. The  "ring  forms"  are  smaller  than  those  of 
-  the  other  species  described  in  this  chapter.  Foldout* 
2  illustrates  the  appearance  of  P.  falciparum  in  pe- 
ripheral blood.  P.  falciparum  is  found  in  many 
tropical  countries.  ~  <j 

5-30.  Some  features  of  P.  falciparum  are: 

a.  Ring  forms  with  single  or  double  chromatin 
dots  are  often  seen  in  peripheral  smears.  Multi- 
ple rings  may  be  seen.  This  form  and  the  gameto- 
cyte  are  the  only  stages  normally  found  in  the  pe- 
ripherajl  blood. 

b.  Trophozoites  are  rarely  observed  in  pe- 
ripheral blood.  The  cytoplasm  appears  compact 
and  light  blue  in  color.  Very  dark  pigment  is  scat- 
tered throughout  the  cytoplasm. 

c.  Presegmenting  schizonts  are  rarely  observed 
in  peripheral  blood.  If  found,  the  parasite  is  small; 
and  its  pigment  is  usually  cluriiped  in  one  small, 
dark  mass. 

d.  A  mature  schizont,  or  segmenter,  is  rarely 
seen  in  peripheral  blood.  It  is  divided  into  8  to  32 
merozoltcfc  and  fills  about  two-thirds  of  a  normal- 
sized  blood  cell. 

e.  The  macrogametocyte  a  long,  slender,  sau- 
sage-shape, with  a  concentrated  mass  of  dark  pig- 
ment near  the  center  surrounding  a  dark  red  chro- 
matin mass. 

/.  The  cytoplasm  of  the  microgametocyte  is 
generally  paler  in  color  than  in  the  macrogameto- 
cyte. The  parasite  is  broader,  shorter,  and  has 
more  rounded  ends  than,  the  macrogametocyte. 
Heavy  granules  of  pigment  are  present. 

5-31.  Plasmodium  malariae.  Organisms  of  this 
species  require  about  72  hours  to  complete  the 
cycle  in  man.  The  term  "quartan  malaria"  is  often 
used  to.  denote  an  infection  with  this  species  of  or- 
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ganism.  It  is  not  as  prevalent,  nor  is  it  as  widely 
distributed,  as  P.  vivax  and  P.  falciparum.  The 
parasite  is  illustrated  in  foldoul  J. 

5-32.  P.  malariae  presents  The  fallowing  ap- 
pearance in  stained  smears: 

a.  The  ring  form  contains  a  single,  heavy  chro- 
matin dot.  The  cytoplasmic  circle  is  small  and 
compact. 

b.  Cytoplasm  in  the  growing  trophozoite  is 
compact  and  frequently  in  the  form  of  a  trapezoi- 
dal-shaped band  across  the  center  of  the  red  cell. 
Coarse,  dark  brown,  or  black  pigment  granules  are 
often  present. 

c.  The  large  trophozoite  fills,  or  almost  fills,  a 
normal-sized  red  blood  cell.  Pigment  granules  are 
large,  dark,*  and  generally  peripherally  arrQged. 
The  cytoplasm  is  dense,  dark  blue,  and  often  in 
the  form  of  a  broad  band. 

d.  The  presegmenting  schizont  has  the  chroma- 
tin divided  into  a  number  of  masses.  -The  cyto- 
plasm is  dense,  dark  blue  in  color,  and  the  pig- 
ment is  dark  and  evenly  distributed  throughout  the 
parasite. 

e\  A  mature  schizont,  or  segmenter,  has  6  to  12 
merozoites,  usually  in  a  single  circle  surrounding  a 
large  clump  of  hemozoin  (decomposed  hemo- ' 
globin)  granules.  This  is  called  the  "rosette"  or 
"daisy"  form.  ^ 

/.  The  macrogametocyte  is  circular  or -ovoid 
and  regular.  The  cytoplasm  is  dense,  dark  blue, 
and  contains  abundant,  coarse,  dark  pigment.  It 
has  chromatin  which  is  similar  to  that  in  P.  vivax. 

5-33.  Plasmodium  ovale.  Incidence  of  this  par- 
asite is  very  low.  The  parasite  is  almost  completely 
limited  to  parts  of  West  Africa.  All  of  the  stages 
found  in  P.  vivax  and  P.  malariae  are  afso  found 
in  P.  o vale. 

5-34.  In  certain  respects,  an  infection  of  fl. 
ovale  resembles  P.  in  other  respects  it  is 

more  like  P.  malariae.  uhc  erythrocytic  cycle  re- 
quires 48  hours.  Infecrcd  cells  contain  Schuffner's 
stippling  to  a  more  marked  degree  in  those  in- 
fected with  P.  vivax. 

5-35.  As  the  trophozoite  matures,  the  cyto- 
plasm continues  to  be  relatively  condensed  like  P. 
malariae.  The  red  blood  cells  that  are  infected  be- 
come oval  shaped.  They  may  be  of  normal  size,  or 
they  may  be  slightly  enlarged,  but  not  usually 
paler  than  normal.  There  is  not  much  pigment, 
and  when  present  it  is  light  brown.  The  mature 
schizont  contains  6  to  12  merozoites  which  sur- 
round a  central  mass  of  pigment.  The  gametocytes  * 
are  very  much  like  those  of  P.  malariae;  but  they 
can  be  differentiated  in  thin  blood  films  by  the 
presence  of  Schuffner's  granules  in  the  cells.  Dif- 


ferentiation from  the  same  stage  of  P.  vivax  is 
made  on  the  basis  of  the  denser  and  more  compact 
makeup  of  P.  ovale,  m 

5-36  In  studying  thi  history  and  pathology  of 
malaria,  you  will  find  mat  the  disease  tv^t  beau  a 
problem  to  mankind  ihrgughou^the  centuries.  The. 
disease  can  produce  allergic  manifestations ;  ane- 
mia; congestion  of  capillaries;  enlargement  of  the 
spledfn;  and  congestion  of  the  kidneys,  stomach, 
and  intestines.  It  nho  produces  enlargeir  ont, 
congestion,  and  pigmentation  of  the  liver;  a  de- 
crease in  the  functioning  of  the  bone  marrow;  and 
fatty  degeneration  of  the  heart.  It  has  been  esti- 
mated that  almost  100  million  persons  are  afflicted 
with  malaria.  Of  the  species  of  malaria  that  infect 
man,  P.  falciparum  causes  the  most  severe  disease. 

5-37.  Accurate  diagnosis  of  malaria  and  identi- 
fication of  the  species  can  be  made  only  by  labora- 
tory studies.  There  are  certain  steps  the  technician 
might  follow  to  improve  his  success  in  finding  the 
organisms.  These  are:        1  * 

(1)  Prepare  both  thick  and  thin  blood  smear 
preparations. 

(2)  Use  slides  that  are  chemically  clean. 


A  TROPHOZOITE 


B  CYST 


Figure  20.    Balantid^n  coli. 
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(3)  Include  Giemsa  stain  in  addition  to  Wright 
or  other  stains. 

(4)  Keep  prepared  slides  protected  from  dam- 
age by  insects. 

(5)  Collect  blood  smears  from  the  patient  dur- 
ing and  immediately  following  episodes  of  fever. 

(6)  If  malaria  organisms  are  not  found  ini- 
tially, continue  the  collection  of  smears  for  several 
days. 

6.  Ciliafcs  - 

6-1.  Species  of  the  ciliated  protozoa  are  con- 
spicuous because  of  the  hair-like  cilia  which  cov- 
ers they  bodies.  They  are  found  in  both  vertebrate 
and  invertebrate  apimals.  Wave-like  movements  of 
the  cilia  provide  the  organisms  a  means  of  locomo- 
tion Only  one  species,  Balantidium  coli,  is  of 
medical  significance. 

6-2.  B.  coli  is  the  largest  protozoan  of  man, 
and  it  exists  in  both  the  trophozoite  and  cyst  stage. 
The  species  inhabits  the  large  intestine  of  man  and 
other  animals.  The  motile  trophozoite,  found  in 
fresh  preparations/  is  large,  oval,  and  slightly 
greenish  in  color.  They  display  directional,  rapids 
and  smooth  gliding  movements.  On  one  side  of  the 
anterior  end  is  a  deep  cleft  whicTi  is  the  *ytostome 
or  primitive  mouth.* 

6-3.  Figure  20, A  is  a  drawing  of  the  tropho- 
zoite stage.  The  outer  surface  of  the  body  is  cov- 
ered with  a  delicate  pellicle,  on  the  surface  of 


which  are  implanted  numerous  short  cilia  in  regu- 
lar rows.  Food  vacuoles  are  very  numerous  and 
consist  almost  entirely  of  starch.  In  living  tropho- 
zoites one  small  anterior  and  one  large  posterior 
excretory  vacuole  can  be  seen. 

6-4.  In  stained  specimens  of  trophozoites,  the 
longitudinal  rows  of  cilia  stand  out  prominently. 
The  most  prominent  internal  structures  are  the 
two  nuclei.  The  large  kidney-shaped  nucleus  is 
called  the  macronucleus.  There  is  a  small  dot-like 
micronucleus  which  lies  nestled  within  the  concave 
portion  of  the  macronucleus.  This  species  is  a 
heavy  feeder,  and  the  cytoplasm  is  usually  filled 
with  food  inclusions. 

6-5.  The  cyst  stage  of  B.  coli  is  not  often 
found.  When  you  see  them  on  a  stained  smear, 
they  will  be  large,  double-walled  spherical  bodies 
about  55  microns  in  diameter.  The  cytoplasm  of 
the  cyst  is  dense  but  uniformly  granulated  and 
lacks  food  inclusions.  The  macronucleus  and  mi- 
cronucleus stain  deeply,  and  they  are  identical  to 
those  seen  in  the  trophozoite.  An  example  of  the 
cyst  stage  is  shown  in  figure  20,B. 

6-6.  Medical  experts  disagree  on  the  extent  of 
pathology  caused  by  B.  coli.  All  agree  that  it  is  a 
pathogen.  In  a  majority  of  cases,  it  causes  diar- 
rhea. In  a  few  cases,  it  has  been  known  to  invade 
extra-intestinal  sites,  producing  severe  disease  and 
death.  Laboratory  identification  should  cause  you 
no  special  problem,  because  of  the  large  size  and 
shape  of  the  organism. 
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CHAPTIR  3 


Platyhelminthes  Infecting  Man 


THIS  CHAPTER  will  be  concerned  with  se- 
lected members  of  the  Phylum  Platyhel- 
minthes (flat  worms).  The  flat  worms  are  among 
the  oldest  parasites  known  to  man.  The  Class  Tre- 
matoda  (flukes)  and  the  Class  Cestoidea  (tape- 
worms) contain  the  flatworms  of  medical  impor- 
i  tance.  The  parasites  of  these  two  classes  are  listed 
'in  table  4.  The  worms  do  not  have  a  circulatory 
system  or  a  body  cavity,  but  they  do  have  a  nerv- 
*   ous  system  and  a  highly  refined  method  of  repro- 
duction. The  flatworms  vary  greatly  in  shape;  most 
flukes  resemble  a  broad  leaf,  while  the  tapeworms 
resemble  a  ribbon.  A  fluke  develops  as  a  single 
unsegmented  unit,  whereas  a  tapeworm  develops 
as  chain-like  segments  called  proglottids. 

2.  First  to  be  considered  are  the  trematodes 
(flukes).  Varous  species  of  flukes  establish  them- 
selves in  specific  organs,  including  the  lungs,  liver, 
intestine,  and  certain*  blood  vessels  in  the  mesen-' 
teries  and  bladder.  Adult  flukes,  other  than  those 
which  inhabit  the  intestine,  are  rarely  eliminated 
from  the  body  because  of  their  location.  Depend- 
ing on  the  species  of  fluke,  eggs  may  be  recovered 
from  sputum,  feces,  or  urine. 

3.  The  cestodes  (tapeworms)  will  be  discussed 
in  the  second  half  of  this  chapter*  These  worms 
belong  to  the  Class  Cestoidea.  All  members  of  the 
Class  Cestoidea  are  parasitic.  The  adults  are  intes- 
tinal parasites  of  vertebrates,  and  their  eggs  are 
passed  froip  the  host  in  feces. 

4.  While  studying  this  chapter,  keep  in  mind 
thafttat^tipn  techniques  are  not  recommended  for 
the  detection  of  the  eggs  of  these  parasites.  The 
specific  gravity  of  flatworm  eggs  is  too  high  for 
them  to  be  floated  consistently  with  flotation  tech- 
niques that  you  use  for  other  types  of  eggs.  The 

^  eggs  can  be  easily  recovered  if  you  employ  direct 
fecal  films,  sedimentation  techniques,  or  acid-ether 
concentration  techniques.  Unless  it  is  stated  other- 
wise in  the  discut&ioa  of  the  individual  parasite, 
you  should  use  the  techniques  mentioned  above. 


7.  Trematodes  (Flukes) 

7-1.  In  order  for  you  to  understand  flukes,  you 
must  acquaint  .yourself  with  their  anatomy  and 
morphology.  Figures  21  and  22  illustrate  the  im- 
portant anatomical  features  of  both  immature  and 
mature  flukes.  To  follow  the  life  cycle  of  these 
parasites,  you  will  have  to  be  familiar  with  tlpS  ter- 
minology used.  Cercariae,  hermaphroditjpf  meta- 
cercariae,  miracidium,  operculuijir^adtae^  schisto- 
some, and  sporocyst  are  some  of  the  descriptive 
terms  you  should  know. 

7-2.  Schistosomes  (Blood  Flukes).  Trematodes 
that  live  in  the  blood  stsotfrifoF^maq^ are  called 
schistosomes,  or  blggd'Tlukes.  These  worms  live  in 
pairs  in  the  vemri^sof  specific  areas.  Schistosomes 
are  unique  aifiong  the  flukes  because  the  males 
and  females  are  separate  worms.  The  other  flukes 
of  man  are  hemaphrodUic,  and  each  individual 
worm  has  both  male  muPfegale  sex  organs.  The 
schistosomes  are  the  cause  of  a  chronic  and  pro- 
gressive disease.  They  may  live  for  30  years  or 
?  longer  in  a  human  host. 

7-3.  Schistosoma  mansoni.  This  organism,  also 
known  as  Manson's  blood  fluke,  causes  the  disease 
variously  known  as  MansonV  schistosomiasis,  in- 
testinal schistosomiasis,  or  .schistosomiasis  man- 
soni. It  is  found  chiefly  in  eastern  and  central  Af- 
rica, the  Middle  East,  the  Caribbean  area,  and 
South  America  as  far  south  as  Brazil.  Man  is  the 
definitive  host,  and  snails  of  several  genera  are  in- 
termediate hosts. 

7-4.  The  life  cycle  begins  with  the  interlocked 
male  and  female  S.  mansoni  (fig.  23)  in  a  small 
venule  of  the  mesentery  of  the  large  intestine.  The 
male  worm  has  a  ventrally  located  sex  canal 
called  the  gynecophoral  canal.  The  lateral  margins 
of  the  male  fold  around  the  female  and  hold  her  in 
the  canal.  After  insgmination,  the  female  migrates 
to  the  end  the  venule  to  lay  eg^s.  Through  lytic 
action,  and  by  means  of  a  sharp  point  on  the  sheJ4r~ 
eggs  are  able  to  pen&rat6  the  small  blood  vessels 
and  tissues  of  the  mesentery,  eventually  reaching 
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Table  4 
Phylum  Platyhelminthbs 


CLASS  TREMATODAT 
(Flukes) 

» 

Schistosoma  mansoni 
Schistosoma  japonicum 
Schis to  soma  haema tobium 
Fasciola  hepatica 
Dicrocoelium  dendriticum 
Clonorchis  senensis 
Op  is  thovchis  felineHts 
Opisthorchis  viverrini 
Fasciolops is  buski 
Heperophyes  heterophyes 
*  Metagonimus  yokogawai 
Pa  rag onimus  wes tevmani 

the  lumen  of  the  intestine,  where  they  are  expelled 
with  feces. 

7-5.  The  eggs-  contain  a  .ciliated  miracidium 
which  escapes  from  the  shell  when  the  eggs  come T 
in  contact  with  water.  The  miracidium  seeks  out 
and  penetrates  an  appropriate  Snail.  In  the  snail, 
two  asexual  generations  of  sporocysts  are  pro- 
duced, the  second  generation  sporocyst  produces 
cercariae.  The  cercariae  escape  from  the  snail  and 
swim  about  in  the  water.  On  contact  with  man, 
they  penetrate  the  skin  and  migrate  through  the 
bloodstream  to  the  mesenteric  venules.  Cercariae 
Vequire  an  incubation  period  of  7  to  8  weeks  to 
develop  into  adult  male  and  female  worms.  After 
the  females  mature  and  are  inseminated,  they  pass 
eggs,  thus  completing  the  cycle. 

7-6.  Adult  S.  mansoni  and  Schistosoma  haema- 
tobium  are  morphologically  similar.  The  male 
fluke  is  about  12  mm.  long  and  possesses  six  to 
nine  testes.  The  body  of  the  male  is  flattened  and 
folded  ventrally  to  form  the  sex  canal  in  which 
the  female  is  held.  The  female  is  longer  than  the 
male  (16  mm.  as  compared  with  12  mm.),  thread- 
like, and  has  an  anteriorally  located  ovary.  The 
outer  surface  of  the  adult  S.  mansoni  is  covered 
jwitfi  minute  sensory  papillae,  known  as  tuberosi- 


CLASS  CESTOIDEA 
(Tapeworms) 

Diphyllobothrium  latum 

Taenia  solium 

Taenia  saginata 

Hymenolepis  nana 

Hymenolepis  diminuta 

Dipy lidium  caninum 


ties.  Figure  24  illustrates  a  mature  egg.  The  egg 
ranges  in  size  from  1 14  to  175  microns  long  by  45 
to  68  microns  wide.  It  is  narrow  and  rounded  at 
the  anterior  end  with  a  more  broadly  rounded  pos- 
terior end.  The  most  noticeable  morphological 
feature  is  the  long,  sharp,  lateral  spine  on  the  poster- 
ior third  of  the  egg.  The  eggs  have  a  non-opercu- 
late  shell.  When  mature,  they  are  yellow  brown  in 
color,  transparent,  and  contain  a  ciliated  miraci- 
dium that  is  fully  developed. 

7-7.  S.  mansoni  causey  dysenteric  symptoms 
with  bloody  mucus,  agjlJn  old  chronic  infections, 
polypoid  growths  develop  within  the  bowel.  The 
latter  corjcjition  is  due  to  the  proliferation  of  tissue 
about  masses  of  disintegrated  eggs  which  failed  to 
break  through  into  the  intestinal  lumen.  The  rec- 
tum and  Targe  intestine  are  the  organs  and  tissues 
most  seriously  affected  by  the  infection.  Eggs  are 
frequently  carried  through  the  portal  blood  vessels 
to  the  liver,  where  they  filter  out  into  the  peripor- 
tal tissue  and  cause  cirrhosis  of  the  liver. 

7-8.  Laboratory  diagnosis  of  5. .  mansoni  de- 
pends upon  finding  the  characteristic  eggs  in  fecal 
specimens.  The  number  of  eggs  you  find  in  a  di- 
rect fecal  smear  parallels,  to  some  degree,  the  se- 
verity of  the  infection.  Appropriate  concentration 
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methods  such  as  sedimentation,  or  acid-ether-for- 
malin concentration  are  recommended.  Comple- 
ment-fixation, slide  flocculation,  and  fluorescent 
antibody  tests  are  the  methods  you  should  use 
when  you/ao  not  find  eggs  in  fecal  specimens  from 
suspected  cases. 

7-9.  Schistosoma  japonicum.  This  parasite  is 
frequently  referred  to  as  the  Oriental  blood  fluke. 
5.  japonicum  is  restricted  to  the  Far  East:  Japan, 
China,  Formosa,  and  the  Philippines.  Many  mam- 


mals—including dogs,  cats,  horses,  cattle,  rats, 
and  mice — act  as  reservoir  hosts.  Snails  of  the 
Genus  Oncomelania  are  the  intermediate  hosts. 

7-10.  The  life  cycle  of  S.  japonicum  is  essen- 
tially the  same  as  that  of  S.  mansoni.  The  adult 
worms  of  5.  japonicum  inhabit  the  smaller  venules 
of  the  messentery  of  the  small  intestine,  whereas 
those  of  5.  mansoni  inhabit  the  venules  of  the  mes- 
entery of  the  large  intestine.  Therefore,  the  su  all 
intestine  is  more  seriously  affected  in  cases  of  5. 


Primitive  gut 


Operculum 


EGG 
(X500) 


Cilia 


MIRACIDIUM 
(X200) 


Lytic  gland 


Germ  ceil 


Germ  ball 
(Immature  redia) 


SPOROCYST 
(XI 00.) 


Mouth 


Gut 


Ventral  sucker 


Immature  cercaria 


Oral  sucker 


Cyst  wall 


Ventral  sucker 


METACERCARIA 
(X100) 


RED,A  CERCARIA 
(X50>  (XlOOjf 


Figure  21.    Immature  stages  of  flukes. 
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Figure  22.    Mature  fluke. 


japonicum,  whereas  the  large  intestine  is  more  se- 
riously affected  in  cases  of  S.  mansoni. 

7-11.  The  adult  male  of  S.  japonicum  is  12  to 
20  mm.  long.  The  integument  is  not  tuberculated, 
but  it  is  covered  with  minute  spines,  especially  in 
the  locality  of  the  suckers  and  the  gynecophoral 
canal.  There  are  seven  testes  in  the  male  S.  japoni- 
cum. The  female  is  about  26  mm.  long,  and  the 
integument  is  also  covered  with  mintke  spines.  The 
ovary  is  just  below  the  center  of  the'body,  and  the 
vitelline  (yolk-producing)  glands  are  limited  to 
the  lateral  margins  of  the  distal  quarter  of  the 
body.  The  uterus  consists  of  a  long,  straight  tube 
containing  up  to  SO  eggs. 

7-12.  The  eggs  (fig.  25)  are  smaller  than  the 
eggs  of  the  other  species  of  schistosomes.  They 
measure  about  70  to  100  microns  by  50  to  65  mi- 
crons. You  can  see  a  wart-like  thickening  near  the 
posterior  end  when  the  egg  is  positioned  properly. 

-7-13.  The  development  of  the  pathological  ef- 
fects caused  by  S.  japonicum  may  be  divided  into 
three  distinct  stages: 

( 1 )  Period  of  incubation. 

(2)  Period  of  egg  laying  and  extrusion. 

(3)  Period  of  proliferation  and  tissue  repair. 


Figure  23.    Male  and  female  Schistosoma  mansoni. 
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Figure  24. 


Egg  of  Schistosoma  mansoni. 


Figure  25.    Egg  of  Schistosoma  japonicum. 


The  first  two  stages  comprise  the  acute  stage  of 
the  disease.  The  period  of  proliferation  and  tissue 
repair  is  known  as  the  chronic  stage.  During  the 
chronic  stage,  the  liver  and  spleen  enlarge  greatly. 
Intestinal  disturbances  during  the  chronic  stage  are 
caused  by  thickening  of  the  intestinal  wall,  the  for- 
mation of  ulcers,  and  the  development  of  polypoid 
growths! 

7-14.  You  can  assist  in  making  a  specific  diag- 
nosis of  this  disease  by  finding  the  characteristic 
eggs  of  S.  japonicum  in  fecal  specimens.  You  will 
find  the  methods  recommended  for  detecting  the 
eggs  of  jS.  /nansoni  satisfactory  for  detecting  those 
of  S.  japonicum. 

7-15  .i  Schistosomh  haematobium.  This  parasite 
is  also  lenown  as  the  vesical  blood  fluke'.  The  dis- 
ease caused  by  S.  haematobium  is  sometimes 
called  vesical  schistosomiasis,  schistosomiasis  hae- 
matobia,  urinary  bitharziasis,  or  schistosomal  he- 
maturia, depending  upon  the  geographical  location 
where  the  cases  are  found.  The  disease  is  wide- 
spread in  Africa  and  surrounding  islands.  Occa- 
sional cases  have  been  found  in  the  southern  tips 
of  Europe  and  India. 

7-16:  The  life  cycle  of  S.  haematobium  is  very 
similar  to  that  of  S.  mansoni  and  S.  japonicum. 
However,  the  coupled  worms  usually ^nhabit  the 
finer  veins  of  the  bladder  and  uterus  rather  than 
the  mesentery  of  the  intestine  as  with  the  other 
two  species.  On  rare  occasions,  however,  they  do 
lodge  in  the  venules  of  the  intestinal  mesentery. 

7-17.  Man  is  the  only  definitive  host  for  S.  hae- 
matobium, and  snails  of  the  Genus  Bulinus  are  the 


most  common  intermediate  hosts.  Morphologi- 
cally, 5,  haematobium  closely  resembles  5.  man- 
soni; however,  adult  S.  haematobium  are  slightly 
larger  than  S.  mansoni.  The  male  S.  haematobium 
has  only  four  or  five  testes,  whereas  S.  mansoni 
has  six  to  nine  testes.  The  male  is  covered  with 
minute  integumentary  tuberosities;  but  in  the  fe- 
male, the  tuberosities  are  usually  confined  to  the 
extremities. 

7-18.  The  eggs  (fig.  26)  are  112  to  170  mi- 
crons long  by  40  to  70  microns  wide.  They  are 
spindle  shaped,  rounded  anteriorly,  and  conical  at 
the  posterior  extremity.  The  posterior  end  termi- 
nates in  a  blunt-pointed  spine.  The  egg  is  non-op- 
erculate,  has  a  thin  transparent  stall,  and  is  yellow 
brown  in  color.  When  passed  in  feces,  the  egg  nor- 
mally contains  a  fully  developed  miracidium. 

7-19.  The  pathological  effects  of  S.  haemato- 
bium can  bp  serious.  Penetration  of  the  skin  by  the 
cercariae  of  S.  hematobium  produces  almost  ni> 
local  cellular  reaction.  The  pathogenic  effects  of  S. 
haematobium  consist  of: 

a.  Local  as  well  as  systemic  reactions  to  meta- 
bolic products  of  growing  and  mature 
worms. 


Figure  26.    Egg  of  Schistosoma  haematobium. 


b.  Trauma  witf|  hemorrhage  as  eggs  escape 

from  the  vi^lcs. 

» 

c.  Pseudo-abscess  and  pscudo-tubcrcule  forma- 
tion around  eggs  lodged  in  the  tissues. 

Frequently,  the  only  symptom  noted  in  recent 
infections  is  bloody  urine.  Chronic  cystitis  is  often 
encountered  in  older  infections.  Advanced  cases  of 
vesical  schistosomiasis  often  result  in  abscesses, 
scarring  of  the  bladder  wall,  and  invasion  of  other 
body  organs. 

7-20.  Examine  both  feces  and  urine  for  eggs 
when  S.  haematobium  is  suspected.  The  tech- 
niques used  to  examine  feces  in  cases  of  S.  man- 
soni  and  S.  japonicum  are -also  satisfactory  for  S. 
haematobium.  Examine  urine  for  eggs  bfpouring 
the  specimen  into  a  conical  flask  and  allovWng  it  to 
sediment.  Make  a  smear  of  the  sediment  and  ex- 
amine it  with  the  microscope.  If  a  centrifuge  is- 
handy,  use  it  to  speed  sedimentation  of  the  speci- 
men. 

7-21.  Liver  Flukes.  Liver  flukes  live  in  the 
bile  ducts  and  frequently  cause  considerable  liver 
damage.  None  of  the  liver  flukes  are  found  exclu- 
sively in  man.  The  two  species  of  greatest  general 
interest  arc  Fasciola  hepatica,  the  sheep  liver 
fluke,  and  Clonorchis  sinensis,  the  oriental  liver 


Figure  27.    Egg  of  Fasciola  hepatica. 


fluke.  However,  interest  in  other  species  discussed 
in  this  section  is  increasing  rapidly  as  more  is 
learned  about  them. 

7-22.  fasciola  hepatica.  The  sheep  liver  fluke 
is  found  in  all  sheep-raising  countries,  including 
the  United  States.  It  is  known  as  the  "sheep  liver 
fluke"  because  it  commonly  infects  sheep.  Al- 
though the  parasite  is  generally  associated  with 
sheep  and  cuttle,  man  becomes  infected  by  ingest- 
ing the  infective  Idrvae  which  have  encysted 
plants  such  as  lettuce  and  watercress.  ^ 

7-23.  Humans,  sheep,  and  cattle  are  the  defi. 
tive  host,  while  snails  belonging  to  the  Fam 
Lymnaeidac  are  the  intermediate  hosts.  UnJ,. 
veloped  eggs  are  passed  in  the  feces  of  the  defini- 
tive host.  The  eggs  mature  in  9  to  15  days  after 
reaching  water  and  then  free-swimming  miracidia 
escape  from  the  egg  shells  and  penetrate  the 
proper  snails.  Within  the  snails  - the  miracidia 
transform  into  sporocysts,  and  the  sporocysts -pro- 
duce first-generation  and  second-generation  rediae* 
in  about  4  weeks.  The  rediae  produce  cercariae, 
which  escape  from  the  snails  and  encyst  on  aquatic 
vegetation  as  infective  metacercariae.  After  inges- 
tion of  contaminated  plants  by  one  of  the  Defini- 
tive hosts,  the  metacercariae  excyst  in  the  intestine 
and  migrate  through  the  intestinal  wall  into  the 
body  cavity  of  the  infected  host.  From  there  they 
penetrate  through  the  liver  parenchyma  into  the 
biliary  passage?,  where  they  develop  into  mature 
worms.  This  migration  and  development  require  3 
to  4  months,  JL 

7-24.  As  the  metacercariae*  invade  the  liver  tis- 
sues, they  produce  traumatic  and  necrotic  lesions. 
Moderate  to  heavy  infections  in  man  give  rise  to 
severe  symptoms.  Patients  have  hepatic  colic,  eosi- 
nophilia,  diarrhea,  and  eventually  anemia.  In  some 
human  infections,  immature  as  well  *as  mature 
worms  have  been  found  in  abscesses  in  blood  ves- 
sels, lungs,  and  even  the  brain. 

7-23.  The  egg  (fig.  27)  is  one  of  the  largest 
produced  by  a  helminth  that  infects  man.  It  is  oval 
in  shape  and  measures  about  80  by  150  microns. 
The  egg  is  yellow  brown  and  has  an  operculum. 

7-26.  The  usual  laboratory  examination  re- 
quires that  you  identify  eggs  Which  you  find  in 
feces.  Eggs  of  F.  hepatica  are  impossible  to  differ-  * 
entiate  from  those  of  Fasciolopsis  buski;  therefore, 
you  should  report  them  as  "eggs  morphologically 
resembling  tfte  Genus  Fasciola  and  Fasciolopsis" 
The  only  way  for  you  to  positively  identify  the 
parasite  as  F.  hepatica  is  to  recover  the  typical  F. 
hepatica  eggs  from  uncontaminated  bile  collected 
by  the'  attending  physician.  This  will  give  you  a 
positive  identification,  because  F.  buski  inhabits 
the  intestine  and  not  the  bile  ducts. 

7-27.  False  fascioliasis  occurs  when  someone 
ingests  liver  infected  with  F.  hepatica.  The  eggs 
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Figure  28.    Egg  of  Dicrocoelium^dendriticum. 

are  then  passed  in  the  feces  of  the  person  eating 
the  liver.  You  can  see  how  this  could  easily  be 
mistaken  for  actual  infection.  This  may  be  ruled 
out  if  the  patient  is  kept  on  a  liver-free  diet  for  3 
days  or  more.  If  the  patient  continues  lo  pass  eggs, 
he  probably  has  a  true  infection. 

7-28.  Dicrocoelium  dendriticum.  D.  dendrite 
cum  is  a  parasite  commonly  found  in  the  bile  duct 
of  sheep  and  other  ^herbivorous  animals.  The  par- 
asite is  widely  distributed  in  Europe,  North  Africa, 
Northern  Asia,  and  some  other  areas  in  the  Ori- 
ent. D.  dendriticum  has  frequently  been  reported 
when  actually  the  patient  was  not  infected  at  all. 
This  happens  quite  often  when  people  eat  sheep 
liver  that  has  been  infected  and  the  eggs  are  then 
passed  in  the  feces  just  as  in  false  fascioliasis. 
However,  the  parasite  does  infect  man  and  is  fre- 
quently reported  from  Europe,  Asia,  and  Africa. 

7-29.  Snails  are  the  first  intermediate  host,  and 
ants  are  the  second  intermediate  host.  Man  is  in- 
fected by  accidentally  ingesting  ants  that  contain 
infective  metacercariae.  The  eggs  (fig.  28)  are 
asymmetrically  ovoidal,  thick  shellld,  dark  brown 
in  color,  have  a  broad  convex  operculum,  and 
measure  38  to  45  microns  by  22- to  30  microns. 
They  contain  a  mature  miracidium  when  parsed  in 
the  feces  of  the  definitive  host 

7-30.  Clonorchis  sinensis.  C.  sinensis  is  known 
as  the  Chinese  liver  fluke.  There  are  several  au- 
thors who  feel  that  the  genus  Clonorchis  has  char- 
acteristics sufficiently  like  Opisthprchis  to  classify 
the  species  sinensis  under  the  latter  genus.  There- 
fore, you  may  see  the  term  "Opisthorchis  sinensis" 
used  in  some  references.  This  is  the  most  impor- 
tant liver  parasite  of  man  in  parts  of  China,  Japan, 
Formosa,  and  Indochina.  There  is  no  evidence 
that  the  infection  has  become  established  in  any 
region  outside  the  China  Sea  area.  Frozen  fish  and 
dried  or  pickled  fish  shipped  from  endemic  areas 
probably  account  for  infection  in  persons  who 


have  never  visited  areas  where  (he  parasite  is 
found.  There  arc  many  reservoir  hosts  for  this  par- 
asite, including  the  dog  and  cat. 

7-31.  The  adult  worm  lives  in  the  bile  passages 
and  occasionally  in  the  pancreatic  duct.  It  is  a  flat, 
transparent,  flabby  worm  that  is  somewhat  spade 
shaped.  It  is  relatively  small  (10  to  25  mm.  in 
length  by  3  to  5  mm.  in  width).  One  of  the  most 
characterisiic  features  of  the  worm  ore  wae  large 
branched  testes  which  are  situated  one  behind  the 
other  in  Ihe  posterior  third  of  the  body. 

7-32.  The  eggs  are  fully  embryonated  when 
discharged  into  the,  bile  ducts.  They  are  passed  in 
the  feces,  and  a  miracidium  hatches  only  after  the 
egg  is  ingested  by  a  snail  of  the  Family  Amnicoli- 
dae.  The  miracidium  develops  a  first  generation 
sporocyst  in  which  second  generation  rediae  are 
produced.  Cercariae  are  produced  in  the  rediae, 
and  they  escape  from  the  snail  and  encyst  as  meta- 
cercariae in  the  skin  of  fresh  water  fish.  Man  be- 
comes infected  by  ingesting  infected  fish.  The  me- 
tacercariae excyst  in  the  intestine  and  make  their 
way  into  the  cqmmon  bile  duct  and  finally  to  the 
distal  bile  capillaries,  where  they  develop  into  ma- 
ture worms  in  about  h  month.  Approximately  3 
months  are  required  for  the  whofe  cycle.  * 

7-33.  The  parasites  causp  inflammation  of  the 
bile  ducts,  and  the  body  attempts  to  encapsulate 
them.  This  results  in  the  production  of  considera- 
ble fibrous  tissue  in  the  bile  ducts.  In  very  heavy 
infections,  severe  damage  may  result  in  cirrhosis 
of  the  liver  or  even  death. 

7-34.  Laboratory  diagnosis  is  based  on  the  re- 
covery of  typical  eggs  from  feces.  The  egg  (fig. 
29)  is  small  and  ovoid  with  a  distinct  operculum 
that  fits  into  a  rimrr^ed  extension  of  the  shell.  They 
have  moderately  thrck,  light  yellow-brown  shells; 
and  they  measure  aboutf  29  microns  by  16  mi- 
crons. 


Figure  29.    Egg  of  Clonorchis  sinensis. " 
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Figure  30.    Egg  of  Opistorchis  feliheus. 

7-35.  Opistorchis  felineus.  O.  felineus  is 
widely  distributed  in  eastern  and  southeastern  Eu- 
rope and  Asiatic  U.S.S.R.,  and  it  is  reported  to  be 
common  in  Vietnam.  The  worm  is  smaller  than 
Clonorchis  (10  mm.  by  2.5  mm.  as  compared  with 
20  mm.  by "4  mm.);  otherwise,  they  are  very  simi- 
lar. The  eggs  of  the  two  worms  are  also  very  simi- 
lar. They  are  slightly  narrower  th&n  those  of  Clon- 
orchis. The  egg  (fig.  30)  of  O.  felineus  is#  30 
microns  by  1 1  microns,  whereas  that  of  C.  sinensis 
is  about  29  microns  by  16  microns.  A  snail  is  the 
first  intermediate  host,  and  cyprinid*  fresh  water 
fish  are  the  second  intermediate  host.  In  addition 
to  man,  many  fish  eating  mammals  are  infected. 
.Clinical  aspects  and  diagnostic  procedures  are  es- 
sentially the  same  as  those  of  clonorchiasis. 

7-36.  Opistorchis  vivcrrini.  GL  viverrini  is 
closely  related  to  O.  felineus.  As  many  as  75  per- 
cent of  thA  people  from  some  areas  of  northeastern 
Thailand  lrave  been  found  to  be  infected  with  the 
parasite.  The  eggs  are  slightly  smaller  than  those 
of  Clonorchi\jmd  O.  feliheus.  They  measure  26 
microns  by  13  microns. 

7-37.  With  our  commitments  in  Southeast  Asia, 
it  is  important  for  you  to  be  familiar  with  this  par- 
asite. However,  be  aware  that  only  the  most  expert 
technician  can  differentiate  the  eggs  of  Clonorehis, 
Opisthorchis,  and  Metagonimus,  an  intestinal 
fluke,  which  is  discussed  later  in  this  section. 

7-38.  Intestinal  Flukes.  In  this  country,  in- 
testinal flukes  are  of  little  medical  importance. 
There  are  no  known  intestinal  flukes  that  are 
strictly  human  parasites.  A  number  of  species  par- 
asitize humans  as  well  as  other  animals.  In  certain 
localities,  this  condition  constitutes  a  serious  medi- 
cal problem  because  the  other  animals  form  a 
large  reservoir  of  infection.  The  best  example  of 
this  is  Fasciolopsis  buski  in  southeastern  Asia, 
where  it  is  a  common  parasite  of  pigs  and  humans. 

7-39.  Fasciolopsis  buski.  This  fluke  is  called 
the  giant  intestinal  fluke.  It  is  most  common  in 
India,  China,  and  the  southwest  Pacific.  It  is  found 
in  man,  swine,  and  occasionally  in  dogs. 


7-40.  Fasciolopsis  buski  is  the  largest  and  best  — ^ 
known  of  the  intestinal  flukes  of  mSn.  It  measures 
over  an  inch  in  length  and  about  a  half  inch  in 
width.  The  worm  is  leaf-like  in  appearance  and 
has  a  spinose  integument.  The  ventral  suckfer 
(acetabulum),  located  near  the  anterior  end,  is 
three  to  four  times  as  large  as  the  oral  sucker.  F. 
buski  has  highly  branched  testes,  which  occupy  the 
posterior  three-fifths  of  the  body.  f 

7-41.  The  eggs  must  get  into  fresh  water  after 
bping  passed  in  feces.  There  they  hatch  in  3  to  7 
weeks.  A  miracidium  escapes  from  the  egg  and 
penetrates  an  appropriate  snail  intermediate  host 
of  the  Genus  Hippeutis  or  Segmentina.  After  the 
miracidium  undergoes  the  necessary  development, 
cercariae  escape  from  the  snail  and  encyst  on  * 
water  chestnut  or  water  caltrop  as  metacercariae, 
Human*infection  occurs  when  a  person  ingests  the 
metacercariae  while  cracking  nuts  of  the  above 
plants  with  his  teeth.  ' 

7-42.  The  egg  is  practically  identical  to  that  of 
F.  hepafjaa,  shown  in  figure  27.  It  is  operculate 
and  measures  130  microns  to  140  microns  by  80 
micronV4o*85  microns.  Diagnosis  is  based  on  the 
recovery  of  typical  eggs  from  feces  and  on  the 
physicians's  clinical  findings. 

7-43.  Pathological  effects  of  F.  buski  include 
anemia,  emaciation,  and  inflammation  and  ulcera- 
tion of  the  intestinal  mucosa.  Intestinal  obstruction 
and  toxic  reactions  frequently  occur  .in  cases  of  ✓ 
heavy  infection. 

7-44.  Heterophyes  heterophyes.  H.  heterophyes 
is  found  in  Egypt,  Palestine,  and  the  Orient:  Suita- 
ble hosts  include  dogs,  cats,  rabbits,  and  a  few 
other  mammals,  as  well  as  man.  Snails  of  the 
Genus  Pironella  are  first  intermediate  hosts,  and 
fresh  water  fish  are  second  intermediate  hosts.  . 

7-45.  Adult  parasites  live  in  the  small  intestine 
of  the  definitive  host.  Frequently  they  are  present 
in  large  numbers.  The  eggs  are  completely  em- 
bryonated  when  they  pass  from  the  host.  Miracidia 
hatch  from  the  eggs  after  the  eggs  are  ingested  by 
the  proper  snail.  After  the  necessary  development 
is  completed  in  the  snail,  cercariae  escape  from  the 
snail  and  penetrate  beneath  scales  of  certain  fish, 
wfyere  they  encyst  as  the  infective  metacercariae. 
The  final  host  becomes  infected  by  eating  un- 
cooked fish  that  contain  metacercariae. 

7-46.  The  adult  worm  is  very  small.  It  meas- 
ures approximately  O'4  mm.  by  1.5  mm.  The  oral 
sucker  is  ventrally*  located,  but  it  is  onlv_  about 
one-third  as  large  as  the  acetabulum.  TheaStok 
worm  is  covered  with  minute  spines  which  are  set 
closely  together. 

7-47.  The  egg  (fig.  31)  is  small  (30  microns 
by  17  microns),  operculate,  brownish  in  color, 
and  contains  a  well-developed  ciliated  miracidium. 
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Figure  31.    Egg  of  Heterophyes  heterophyes. 

It  will  be  very  difficult  for  you  to  differentiate  the 
eggs  of  this  parasite  from  Opistorchis,  C.  sinen- 
sis, or  M.  yokogawai.  You  can  easily  recover  the 
eggs  from  feces  by  the  standard  procedures. 

7-48.  H.  heterophyes  attaches  itself  to  the  in- 
testinal mucosa,  provoking  symptoms  of  mild  diar- 
rhea, usually  with  no  serious  pathology.  Occasion- 
ally the  worms  bore  their  way  through  the  mucous 
lining  of  the  intestine.  When  that  happens,  the^ 
minute  eggs  penetrate  into  the  mesenetric  lym- 
phatics. They  have  been  known  to  reach  the  heart 
and  promote  cardiac  failure. 

7-49.  Metagonimus  yokogawai.  flf.  yokogawai 
is  a  common  parasite  of  the  Far  East  and  the  Bal- 
kan States.  Man  and  several  other  mammals  are 
suitable  definitive  hosts.  Snails  of  several  genera 
serve  as  the  first  intermediate  host,  and  certain 
fishes  act  as  the  second  intermediate  host  Man 
becomes  infected  by  eating  uncooked  freshwater 
fish  on  which  the  infective  metacercariae  have  en- 
cysted. 

7-50.  The  infective  metacercariae  of  M.  yok- 
ogawai excyst  in  the  small  intestine  of  the  defini- 
tive host  and  attach  themselves  to  cells  in  the  mu- 
cosal crypts  and  grow  to  maturity.  Normally  the 
eggs  are  passed  into  the  intestinal  lumen,  and  pass 
out  with  feces.  However,  some  of  the  worms  may 
penetrate  so  deeply  into  the  intestinal  wall  that 
some  eggs  can  get  into  the  general  blood  circula- 
tion, as  in  H.  heterophyes  infections. 

7-51.  The  egg  (fig.  32)  is  operculate,  brownish 
in  color,  measures  28  microns  by  17  microns,  and 
contains  a  well  developed  ciliated  miracidium.  Di- 
agnosis is  based  on  the  recovery  of  characteristic 
heterophyid  eggs  in  feces.  More  than  likely  you 
will  not  be  able  to  differentiate  the  eggs  >  of  M. 
yokogawai  from  those  of  '//,  heterqphys,  and  you 
can  expect  to  have  difficulty  in  differentiating 
them  from  those  of  Clonorchis  and  Opisthorchis. 


Experts  differentiate  them  by  extensive  study  of 
morphological  differences  and  also  study  of  life- 
cycle  forms. 

7-52.  Patients  with  M.  yokogawai  usuully  have 
persistent  intestinal  disturbances  and  diarrhea. 
Eggs  that  get  into  the  circulating  blood  may  reach 
the  heart  and  central  nervous  system,  where  they 
can  cause  serious  cardiac  and  nervous  disturb- 
ances. 

7-53  Lung  Fluke  (Paragonimus  westennani). 
The  only  lung  fluke  of  man  is  Paragonimus  wes- 
termanu  It  is  a  common  infection  of  man  in  Asia. 
A  very  similar  or  identical  fluke  is  found  in  cats, 
dogs,  pigs,  and  wild  carnivores  in  Africa  and 
North  and  South  America. 

7-54.  Humans  are  commonly  infected  with  this 
species  in  Japan,  Korea,  Formosa,  the  Philippines, 
and  Thailand.  It  is  endemic  in  Small  foci  of  Africa 
and  northern  South  America.  P.  Westermani  has 
been  recovered  from  wild  felines  in  India,  Malay- 
sia, Indonesia,  and  Thailand. 

7-55.  Morphologically  the  adult  is  plump  and 
ovoidal  in  cross  section,  about  12  mm.  long  and 
one-third  as  wide.  The  worm  is  reddish  brown 
when  alive.  Its  surface  is  covered  with  large  spines. 

7-56.  The  adult  worms  usually  live  in  pairs  in 
the  parenchyma  of  the  lungs.  Eggs  are  deposited 
around  the  worms,  and  many  of  them  are  able  to 
get  into  the  respiratory  passages.  They  are 
coughed  up,  swallowed  and  pass  from  the  host  in 
feces.  The  eggs  are  unembryonated  and  require 
approximately  16  days  in  clear  running  water  to 
complete  their  development.  Then  the  eggs  hatch, 
releasing  a  miracidium  which  penetrates  a  snail  in- 
termediate host.  The  miracidium  transforms  into  a 
sporocyst,  and  within  the  sporocyst  many  rediae 
develop.  Each  rediae  produces  many  'cercariae 
which  escape  from  the  snail  and  penetrate  suitable 
freshwater  crabs  and  crayfish.  The  cercariae  then 


Figure  32.    Egg  of  Metagonimus  yokogawai. 
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Figure  33.    Egg  of  Paragonimus  Westermani. 

encyst  as  infective  metacercariae.  When  the  in- 
fected crabs  or  crayfish  are  eaten  raw,  the  meta- 
cercariae  are  freed  in  the  small  intestine.  They 
burrow  through  the  intestine  into  the  peritoneal 
cavity,  then  through  the  diaphragm  and  on  into 
the  lungs. 


7-57.  The  eggs  of  P.  westermani  (fig.  33)  are 
relatively  large,  measuring  approximately  80  to 
120  microns  in 'length  by  45  to,  60  microns  in 
width.  The  egg  shell  is  relatively  thick  and  golden 
brown  tn  color.  The  tfggs  have  a  t'tat-*hap*i  oper- 
culum, and  they  are  unembryonated  when  passed. 

7-58.  A  Paragonimus  infection  causes  a 
chronic  bronchical  cough  with  bloody  sputum. 
The  bloody  sputum  is  the  result  of  small  blood 
vessels  in  the  capsule  around  the  worms  leaking 
into  a  bronchiole,  thus  allowing  blood  and  eggs  to 
get  into  the  sputumrThe  worms  do  not  always  find 
their  way  to  the  lungs.  They  have  been  found  in 
many  other  organs.  Frequently  in  these  cases,  ab- 
scesses are  formed  and  death  may  result. 

7-  59.  Specific  diagnosis  is  easily  made  when 
the  eggs  of  P.  westermani  are  recovered  from  rusty 
or  blood-tinged  sputum,  feces,  pleural  aspirates,  or 
from  peritoneal  abscesses.  In  suspected  cases 
where  eggs  cannot  be  recovered,  intradermal  tests 
$nd  complement  fixation  tests  may  prove  to  be 
very  helpful. 

8.  C«stod«s  (Tapeworms)  J  / 

8-  1.  Adult  tapeworms  are  flat,  ribbon-like,  seg- 
mented worms.  The  individual  segments  are  called 
proglottids.  The  worm  does  not  have  a  mouth,  gut, 
or  body  cavity.  They  attach  themselves  to  the  in- 
testinal mucosa  by  a  scolex  (head)  that  has  suck- 
ers. The  adult  worm  (fig.  34)  is  separated  into  the 
following  recognizable  regions r  (a)  scolex,  (b) 


NECK 


IMMATURE  PROGLOTTIDS 


0, 

MATURE  PROGLOTTIDS 


SCOLEX 


GRAVID  PROGLOTTIDS 


Figure  34.    Adult  tapeworm. 
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neck,  a  region  of  growth  that  immediately  follows 
the  scolex,  (c)  immature  proglottids,  (d)  mature 
proglottids,  and  (e)  gravid  proglottids.  The  entire 
.length  of  the  worm  that  is  made  up  of  proglottids 
is  called  the  strobile. 

8-2.  The  scolex  of  Diphyllobothrium  latum  is 
long  and  spatulate  with  a  long,  sucking  groove  on 
each  side.  The  other  tapeworms  that  infect  man 
have  knob-like  scolices  which  possess  cup-like 
suckers  at  each  of  the  four  angles.  Some  of  them 
also  have  an  anterior  muscular  projection 
(rostellum) 

8-3.  There  is  a  complete  set  of  male  and  female 
organs  for  each  mature  proglottid.  Diphylloboth- 
rium discharges  unembryonated  eggs  that  must 
reach  cool,  clear  water  before  further  development 
occurs.  The  eggs  of  the  other  cestodes  contain 
fully  developed  hfxacanth  embryos  which  have 
three  pairs  of  booklets.  * 

8-4.  The  larval  stages  of  some  cestodes  can 
parasitize  man.  In  such  infections,  the  larvae  may 
be  found  in  almost  any  tissue  of  the  body.  In  cases 
of  larval  infection  by  cestodes  such  as  Echinococ- 
cus,  the  infection  can  be  fatal.  Jn  some  geographi- 
cal locations  human  infections  tfith  the  larval  ces- 
todes are  quite  common.  The  diagnosis  of  these 
larval  infections  is  usually  made  by  a  pathologist 
from  examination  of  histological  sections  of  biopsy 
material. 

8-5:  As  a  means  of  getting  eggs  out  of  the  host, 
some  cestodes  discharge  eggs  singly,  some  shed 
one  entire  gravid  proglottid  at  a  time,  and  some 
shed  groups  of  gravid  proglottids.  Recovery  and' 


identification  of  the  scolex  is  necessary  for  treat- 
ment to  be  considered  satisfactory.  The  six  species 
listed  in  table  4  are  the  cestodes  that  commonly 
parasitize  man.  These  parasites  live  as  adults  in 
the  intestine  of  man.  Each  of  the  species  that  fre- 
quently infect  man  will  be  discus,  in  this  sec- 
tion. 

8-6.  Diphylldbothrium  Latum*  This  parasite  is 
commonly  known  as  the  fish  tapeworm  or  broad 
tapeworm.  The  worm  may  be  up  to  35  feet  long" 
and  may  have  as  many  as  4,000  proglottids.  D. 
latum  is  a  common  parasite  in  parts  of  Europe, 
Russia,  Japan,  Philippines,  Australia,  Souths 
America,  and  North  America.  Dofes,  wolves, 
bears,  and  a  few  other  carnivores  in  addition  to 
<  man  are  hosts  for  this  worm. 

8-7.  The  eggs  are  passed  in  feces  and  require 
about  2  weeks  in  cool,  clear  water  to  complete  em- 
bryonation.  When  the  egg  hatches,  a  coracidium 
(ciliated  embryo)  escapes  through  the  operculum 
and  swims  about.  The  coracidium  must  be  eaten 
by  a  small  crustacean  within  12  hours.  In  the  crus- 
tacean the  coracidium  develops  into  a  procercoid 
larva.  The  crustacean  infected  with  the,  procercoid 
larva  must  be  eaten  by  a  freshwater  fish  before 
*  larval  development  can  be  completed.  In  the  fish, 
the  procercoid  larva  migrates  to  muscle  tissue  and 
develops  into  a  pleracercoid /larva  (sparganum). 
When  an  uncooked  fish  containing  a  plerocercoid 
larva  is  ingested  by  man  or  some  other  suitable 
carnivore,  the  larva  attaches  to  the  intestine,  where 
it  matures  and  passes  eggs,  thus  completing  the 
cycle. 
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Figure  36.    Taenia  saginata. 

8-8.  The  scolex  (fig.  35)  of  an  adult  D.  latutn 
is  small  and  spoon-shaped.  It  has  two  longitudinal 
slits  (bothria),  which  serve  as  sucking  organs  for 
attachment.  Neither  hooks  nor  true  suckers  are 
present.  The  mature  proglottids  of  D.  latum  (fig. 
35)  are  broader  than  they  are  long,  whereas  the 
jgravid  proglottids  are  about  as  long  as  they  are 
wide.  The  principal  diagnostic  features  of  mature 
and  gravid  proglottids  are  the  centrally  situated  ro- 
sette-shaped„uterus  and  a  genital  pore  which  lies  in 
the  center  of  each  segment.  D.  latum  eggs  (fig. 
35)  are  broadly  ovoid  and  shaped  very  much  like 
a  hen  egg.  The  shell  is  moderately  thick  and  golden- 
brown  when  passed  in  feces.  The  eggs  vary 
greatly  in  size  (59  microns  to  71  microns  by  42 
microns  to  49  microns),  and  they  contain  a  par- 
tially developed  embryo  when  passed.  At  the  an- 
•  terior  pole  of  the  egg  there  is  a  prominent  opercu- 
lum, and  at  the  posterior  pole  there  is  a  small 
knob-like  protuberance. 

8-9.  The  symptoms  produced  in  man  by  D. 
latum  are  nausea,  loss  of  appetite,  ^bdominjd  dis- 
comfort, weakness,  hunger,  weight  loss,  and  ane- 
mia. Occasionally,  infected  individuals  may  vomit 
portions  of  a  worm.  You  should  not  have  any  dif- 
ficulty in  properly  identifying  the  worm,  because 
the  characteristics  of  the,  scolex,  proglottids,  and 
the  eggs  are  all  very  specific  for  the  specie*. 

8-10.  Taenia  Saginata.  This  is  the,  largest  tape- 
worm that  ipfects  man.  The  worm  is  usually  about 
15  feet  long,  but  it  may  reach  a  total  of  75  feet. 
There  are  usually  1,000  to  2,000  proglottids.  TV 
* saginata  is  widely  known  as  the  beef  tapeworm.  It 
is  distributed  worldwide,  but  is  most  prevalent  in 
countries  of  southwestern  Europe,  Africa,  and 
South  America. 

8-11.  Man  is  the  definitive  host  for  the  adul£ 
worm,  and  cattle  are  the  intermediate  hosts.  The 
v  prcwottids  and  eggs  are  scattered  on  soil  and  grass 
through  human  feces.  When  the  embryonated  egg 


is  ingested  by  a  cow.  the  hexacanth  embryo 
hatches  from  the  egg  in  the  cow's  intestine.  The  t 
emtfryo  bores  through  the  intestinal  wall  and  gets 
into  the  blood  or  lymph  circulation.  The  embryo  is 
carried  to  the  cow's  skeletal  muscles,  where  it  en- 
cyst and  develops  into  a  typical  cysticercus  larva 
in  60  to  75  days. 

8-12.  The  scolex  (fig.  36)  of  T.  saginata  has 
no  rostellum  nor  attachment  hooks.  Hie  attach- 
ment organs  consist  of  four  cup-shaped  hemi- 
spherical suckers,  one  at  each  of  the  four  corners 
of  the  ,  scolex.  Mature  progjottids  are  slightly  I 
broader  than 'long,  whereas  the  gravid  proglottids 
are  considerably  more  narrow  and  about  three 
times  as  long  as  the  broadest  portion  of  the  seg- 
ment. The  central  tube  of  the  uterus  of  a  gravid 
proglottid  (fig.  36)  has  15  to  20  lateral  branches 
on  each  side.  The  entire  uterus  is  filled  with  thick 
shelled  eggs.  The  eggs  (fig., 36 )* are  longitudinally 
striated.  The  striations  *  are  very  fifte  and  close 
together,  and  they  are  readily  observed  with  a 
microscope  using'  reduced  light.  There  is  a  clear 
line  of  demarcation  around  the  hexacanth  em- 
bryo, since  the  embryo  does  not. completely  fill 
the  egg.   

£13.  T.  saginata  is  often  the  cause  of  intestinal 
problems  because  of  i$s  large- size.  It  causes  appen- 
dicitis, systemic  intoxication,  hunger  pains,  diar- 
rhea, vomiting,  and  weight  Joss.  It  can  also  cause 
intestinal  obstruction.  The  infpetio^can  mimic  the 
symptoms  ot  peptic  ulcer  and  gallbladder  disease. 

Jyl  4.  You  cannot  differentiate  T.  saginata  from 
the  pork  tapeworm  (T.  solium)  soltiy  on  the  basis 
of  egg  morphology.  You  should  report  that  eggs  of 
the  Genus  Taenia  are  present  You' can  make  a 
positive- identification  of  T.  saginata  from  a  gravid 
proglottid.  A  gravid  proglottid  of  T.  saginata  has 
15  to  20  main  lateral  branches  on  each  side  of  the 
uterine  stem,  whereas  T.  solium  has  only  7  to  13 
uterine  branchs.  Press  a  gravid  proglottid  be- 
tween two  glass  slides  and4  then  count  the  lateral 
branches  with  the  use  of  a  hand  lens. 

8-15.  Taenia  Solium.  T.  solium  is  found  in 
areas  where  people  eat  improperly  cooked  pork. 
Man  is  thp  only  definitive  host  for  the  adult  worm, 
and  hogs  are  the  usual  intermediate  hosts.  Natu- 
rally, Ihe  best  way  to  control  the  parasite  is  to 
cook  all  pork  and  to  tre^t  all  hurrian  cases. 

8-16.  Gravid  proglottids  are  passed  in  hum.an 
feces,  and  the  eggs  are  discharged  frcjm  the  prog- 
lottids when  they  reach  the  soil.  The  eggs  must  be 
ingested  by  a  pig  or  a,  man  for  development  to 
progress.  After  a  mak  or  a  pig  ingests  an  egg,  a 
hexacanth'  (six-hooked\  embryo  hatches  from  the 
egg  and  bores  through i  the  intestinal  wall  and  is  . 
carried  by  the  blood  or  lymph  circulation  to  Var- 
ious tissues  of  the  body.  The  embryo  develops  into 
a  cysticercus  larva  within  2  to  3  Wraths.  A  larval 
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Figure  37.    Taenia  solium. 

•  infection  is  known  as  cysticercosis.  The  cysticercus 
is  the  infective  stage  that  lead^to  development  of 
the  adult  Taenia  solium.  The  ajfr^t  tapeworm  de- 
velops only  after  man  ingests  raw  or  improperly 
cooked  pork  which  contains  an  infective  cysticer- 
ctis larva. 

8-17.  The  scolex  (fig/37)  of  the  adult  T.  so- 
lium has  four  suckers  and  a  prominent  rounded 
rostellum  that  is  armed  with  a  double  circle  of 
Hooks-.  There  are  22  to  32  hooks,  alternately  large 
and  small  in  a  regular  pattenf  on  the  margin  of  the 
rostellum.  Mature  proglottids  are  slightly  wider 
than  long.  The  elongated,  egg-filled,  gravid  prog- 
lottid (fig.  37),  has  a  characteristic  uterine  branch- 
ing pattern  which  is  diagnostic  for  this  species  of 
Taenia.  The  uterus  of  T.  solium  consists  of  a  sin- 
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gle  longitudinal,  centrally  situated  tube  which  has 
7  to  13  (usually  9)  branches  on-each  side^The 
eggs  cannot  be  distinguished  from  those  of  Taqpia 
saginata.  You  can  easily  identify  T.  solium  by  ex- 
amining the  scolex  or  a  pressed  gravid  proglottid, 
using-the  method  discussed  in  the  section  on  T.  sa- 

Rinata.   ~  _  _ 

8-18.  T.  solium  infection  causes  irritation  of 
the  mucosa  of  the  intestine  and  on  rare  occasions 
causes  obstruction  of  the  intestine.  The  infection 
may  result  in  nervous  disorders  due  to  the  pro- 
duction of  toxic  substances  by  the  adult  worm.  In 
cases  of  cysticercosis,  the  larvae  are  most  fre- 
quently located  in  subcutaneous  tissues;  but  they 
have  been  found  in  practically  every  organ  and 
tissue  of  the  body.  When  they  lodge  in  the  brain, 
the  outcome  is  often  fatal 

♦ 

8-19.  Hymeholepsis  Nana.  H.  nana  is  found  all 
over  the  world,  but  it  is  most  prevalent  in  warm 
climates.  This  worm  is  known  as  the  dwarf  tape- 
worm of  man;  however,  rats  and  mice  are  also 
definitive  hosts.  It  is  common  in  Europe,  Russia, 
Latin  'America,  India,  and  the  southern  United 
States.  Of  all  the  tapeworms  found  in  America,  H. 
nana  is  the  most  common.  The  worm  is  only  about 
2  inches  long  but  can  have  as  many  as  200  prog- 
lottids. 

S-20.  The  eggs  are  embryonated  when  passed. 
H.  nana  dff£  not  require  an  intermediate  host 
.JJVhen  eggjnlre  ingested  by  a  definitive  host,  a  hex- 
acanth  embryo  is  liberated  in  the  small  intestine. 
The  embryos  bore  inttf  the  intestinal  mucosa, 
where  they  transiorm  into  cysticercoid  larvae  in 
about  1  week.  The  cysticercoid  larvae  migrate 
back  into  the  intestinal  lumen,  attach  to  the  mu- 
cosa and  develop  into  mature  worms  in  about  2 
weeks.  In  some  cases,  the  eggs  of  H.  nana  may 
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Figure  39.   Hymenaleph  dimunuta. 


hatch  as  they  travel  down  the  intestine.  This  phe- 
nomenon is  known  as  internal  autoinfection  and  is 
thought  to  be  responsible  for  some  of  the  very 
heavy  infections  that  are  frequently  encountered. 

8-21.  Recognition  of  the  tapeworm  is  based  on 
the  following  characteristics: 

•  The  scolex  (fig.  38)  has  four  suckers,  and  a 
rostellum  that  is  armed  with  a  single  row  of  20  to 
'30  booklets; 

•  The  mature  proglottids  (fig.  38)  are  much 
broader  than  long,  and  there  are  three  testes  pres- 
ent that  are  arranged  in  a  row  across  the  proglot- 
tid. 

•  The  eggs  (fig.  38)  are  nearly  spherical  and 
measure  30  to  47  microns  in  diameter.  The  egg  % 
shell  is  made  up  of  two  thin  membranes;  the  inner 
membrane  has  polarjknobs  to  which  threadlike  fil- 
aments are  attached  The  eggs  contain  hexacanth 
embryos  when  passed 

8-22.  Light  infections  may  or  may  not  produce 
symptoms.  There  may  be  diarrhea,  vomiting,  in- 
somnia, weight  loss,  and  even  allergic  reactions. 
Heavy  infections  almost  always  produce  moderate 
to  prpfuse  diarrhea,  nervous  disorders,  abdominal 
pain,  and  in  somp  cases,  extreme  apathy. 

8-23.  You  will  be  expected  ta  identify  the  char- 
acteristic eggs  of  H.  nana.  When  the  eggs  are  pres- 
ent, you  should  look  for  the  characteristic  polar 
knobs  and  filaments.  When  only  worms  are  availa- 
ble, stain  the  mature  proglottids.  The  presence  of 
three  ovoid  testes  along  the  lower  margin  is  char-a 
acteristic  for  the  genus  Hympnolepsis.  When  eggs" 
are*  not  available,  you  should  examine  .the  sSolex 
of  an  adult  worm  to  differentiate  H.  nana  from  the 
rat  tapeworm,  H.  diminuta.  The  scolex  of  H.  nana 
has  a  rostellar  crown  of  20  to  3b  booklets  which 


may  be  inverted,  whereas  the  scolex  of  H.  dimi- 
nuta  has  a  deep  sucker-like  pocket  into  which  the 
small  rostellum  is  usually  retracted  The  rostellum 
of     diminuta  does  not  have  hooklets. 

8-24.  Hymenolepsis  Diminuta.  This  tapeworm 
is  a  common  parasite  of  rats,  mice,  and.  other  ro- 
dents; therefore;  it  has  been  given  the  name  rat 
tapeworm.  However,  it  is  occasionally  found  in  hu- 
mans, usually  children,  ff.  diminuta. has  been  re- 
ported from  human  hosts  from  most  areas  of  the 
world. 

.8-25.  H.  diminuta  is  small  in  comparison  with 
some  of  the  other  tapeworms.  Nevertheless,  it  is 
considerably  larger  than  H.  nana.  It  may  be  20 
inches -long  and  have  up  to  2,000  proglottid^  As 
yfcu  can  see  in  figure  39,  the  scolex  bf  H.  diminuta 
is  knob-like  and  has  four  relatively  small  suckers. 
At  the  tip  of  the  scolex  you  can  see  a  deep  suck- 
er-like pocket  into  which  a  smalirtinarmed  rostel- 
lum is  retracted.  The  mature  proglottids  are  about 
three  times  as  wide  as  they  are  long.  Each  mature 
proglottid  contains  three  ovoid  testes  *  in  a  line 
across  the  proglottid.  The  gravid  proglottids  disin- 
tegrate, releasing  fully  embryonated  eggs.  The 
eggs,  as  illustrated  in  figure  39,  are  similar  to 
those  of  H.  nana;  but  with  a  little  study,  you  will 
have  no  difficulty  telling  them  apart.  The  eggs  of 
H.  dimjfiuta  are  larger,  72  to  86  microns  b^.60  to. 
79  microns;  and  the  polar  filaments  which  are 
characteristic  6f  H.  nana  are  not  present4 

8-26.  After  the  eggs  are  voided  in  feces,  they 
must  be  ingested  by  a  suitable  arthropod  before 
further  development  is  possible.  The  arthropods  in 
this  case  are  larval  rodent  fleas,  meal  moths,  and 
many  species  of  beetles.  Cysticercoid  larvae  de- 
velop in 'the  required  intermediate  ,  hosts.  When  the 
arthropod  intermediate  host  is  ingested,  the  cysti- 
cercoid larvae  is  freed  and  attz$hs  itself  to  the  in- 
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GRAVID  PROGLOTTID 
Figure  40.    Dipylidium  caninum 
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tcstinal  mucosa.  Complete  development  in  the  def- 
initive host  requires  about  3  weeks. 

8-27.  H.  diminuta  is  similar  to  //.  nana  in 
many  ways.  The  worms  are  morphologically  simi- 
lar, and  the  symptoms  they  produce  are  much  the 
same.  You  can  differentiate  the  eggs  of  H.  dimi- 
nuta from  those  of  H.  nana  because  the  eggs  of  the 
former  have  no  polar  filaments.  Remember  that 
you  will  have  to  jase  sedimentation  or  centrifug& 
tion  techniques  and  not  flotation  methods  to  con- 
centrate t|ie  eggs.  Thesjjiethods  for  identifying  tHe 
whole  worm  when  eggs  are  not  available  arc*  the 
same  as  those  discussed  in  the  section  on  H.  nana, 
8-28.  Dipylidium  Caninum.  This  is  a  common 
parasite  of  both  the  dog  and  cat,  and  it  is  an  occa- 
sional parasite  of  humarfsTChildren  are  most  often 

9  infected  because  chijaen  ate  frequently  in  close 
contact  with  infected  pets.  This  parasite  has  a 
worjdwide  distribution  and  is  known  as  the  dog 
tapeworm.   \^  y 

\  8-29.  The  scblex  (fig.  40)  of  D.  caninum  has 
foiiV  rounded  suckers*  and  a  retractile  rostellum 
with  six  rows  of  minute  hooklets.  Z>.  caninum  is 
about  the  same  size  as  H .  diminuta-  but  has  fewer 
proglottids.  Both  worms  are  about  20  inches  long, 
but  D.  caninum.  usually  has  fewer  than  1,000 
proglottids,  whereas  H.  diminuta  has  between 
1,000  and  2,000.  The  proglottids  of  H.  diminuta 
are  very  wide  from  side  to  side  and  narrow  from 


top  to  bottom,  but  those  of  D.  caninum  arc  long 
and  slender.  The  gravid  proglottids  of  D.  caninum 
(fig.  40)  'are  shaped  much  like  cucumber  or 
pumpkin  seeds.  This  is  the  only  tapeworm  infect- 
ing man  that  has  proglottids  yith  genital  pores  on 
each  side.  The  intact  gravid  proglottids  contain 
many  polygonal-shaped  egg  capsules  (fig.  40) 
which  "contain  nuperous  embryonated  eggs.  The 
ripe  proglottids  separate  from  the  strobila  and  pass 
from  the  host.  Upon  reaching  the  soil,  they  frag- 
ment, setting  free  the  egg  capsules.  The  individual 
eggs  are  alrnost  spherical,  45  microns  x  50  mi- 
crbns,  with  a  shell  of  two  thin  layers. 

8-30. .  The -expelled  eggs  must  be  ingested  by 
the  dog  louse  or  larvae  of  certain  fleas  before  fur- 
ther development  can  occur.  The  eggs  hatch  in  the 
arthropods,  and  the  embryos  transform  into  cysti- 
cercoid  larva.  The  definitive  host  becomes  infected 
when  an  infected  arthropod  intermediate  host  is 
ingested.  After  the  infected  arthropod  islngested, 
the  cysticercoid  larva  attaches  to  the  intestinal  mu- 
cosa of  the  definitive  host  and  develops  to  a  ma- 
ture worm. 

8-31.  D.  caninum  may  cause  profuse  diarrhea 
and  unrest  in  children.  In  some  cases  the  worm 
may  cause  sensitization  reactions  such  asurticaris, 
fever,  and  eosinophilia.  You  will  have  no  difficulty 
in  making  the  proper  identification  if  you  find  any 
of  the  characteristic  parts  of  the  tapeworm. 


CHAPTER  4 


Nematodes  Infecting  Man 


THE  UNSEGMENTED  roundworms  make  up 
the  Phylum  Ncmatoda.  Members  of  this 
grdup  have  a  complete  digestive  tract.  They  have  a" 
body  cavity,  but  it  ;s  not  lined  with  mesothelium 
like  a  true  body  cavity.  It  is  usually  packed  with 
reproductive  organs.  The  sexes  are  usually  sepa- 
rate. 

2.  While  many  species  of  nematodes  are  free 
living,  many  parasitize  plants  and  many  others  are 
obligate  parasites  of  animals.  Nematodes  are  the 
most  common  parasites  of  man.  Among  Native 
populations  in  tropical  countries  where  sanitation  - 
js  poor,  nematode  infections  are  universal.  Even 
though  these  parasites  are  not  serious  problems  in 
the  United  States  today,  they  are  problems  for  our 
troops  stationed- in  areas  where  large  reservoirs  of  " 
infection  exist. 

3»  Nematode  life  cycles  inclyde  the  following 
fundamental  stages:  the  egg,  four  larval  stages, 
and  the  adult.  The  number  of  eggs  produced  per 
day  varies  greatly  from  one  species  to  another.  * 
The  eggs  of  different  nematodes  are  in  specific 
stages  of  development  whfen  passed.  This  phenom- 
enon ranges  from  one  extreme  to  the  other.  Some 
nematodes  pass  unembryonated  eggs,  whereas  oth- 
e^  pass  eggs  that  are  fully  embryonated.  Some 
even  retain  the  eggs  in-utero  until  they  hatch  and  . 
then  pass  the  larvae. 

4.  On  the  basis' of  their  habitat,  nematodes  of 
humans  are  divided  into  the  intestinal  roundworms 
and. the  somatic  or  tissue  roundworms.  With  the  , 
exception  of  Trichinella,  the  intestinal  round- 
worms do  not  require  an  intermediate, host;  they 
have  a  more  or  less  direct  life  cycle.  Th$>  somatic 
or  tissue  roundworms  *and  Trichinella  require  in- 
termediate hosts;  they  have  indirect  life  cycles. 

5.  This  chapter  is  divided  into  three  sections. 
The  first  sectjionr  covers  the  Intestinal  nematodes  of 
humans.  The  second  section  includes  the  nema- 
todes of  humans  that  live  as  adults  in  the  tissues«f 
The  third  section  deals  with  nematodes  that  nor- 
mally parasitize  other  animals  but  which  are  capa- 
ble of  entering  the  human  body.  Table  5  illustrates 

-     '  '  40 


the  taxonomic  relationship  of  the  various  members 
of  the  Phylum  Nematoda  discussed  in  this  chapter. 

9,  Intestinal  Nematodes 

9-1.  The  intestinal  nematodes,  with  the  excep- 
tion of  Trichinella,  do  not  have  an  intermediate 
host  in  their  life  cycle.  The  eggs  or  larvae  are  pas- 
sed in  feces  and  require  a  period  of  development 
outside  the  host  to  reach  the  infective  stage.  The 
life  cycles  of  the  intestinal  nematodes  vary  in  com- 
plexity from  the  very  simple  pattern  of  Enterobius 
to  the  involved  pattern  of  Strongyloides. 

9-2.  Enterobius  Vermicularis.  £.  vermicularis, 
the  pinworm  or  seatworm,  is  cosmopolitan  in  dis- 
tribution; but  it  is  more  common  in  cool  or  tem- 
perate regions  than  in  strictly  tropical  areas.  It  is  J 
the  most  common  nematode  infefcting  humans  in 
the  United  States.  It  is  most  frequently  found  in 
small  children  who  live  in  crowded  conditions. 

9-3.  Adults  (fig.  41)  are  cylindrical  in  shape 
and  whitish  in  color.  As  with  most  nematodes,  the 
male  is  smaller  than  the  female.  The  male  is  about 
2  mm.  to  5  mm.  long,  and  the  female  is  approxi- 
mately 10  mm.  long.  The  posterior  end  of  the 
male  is  sharply  curved  so  that  its  body  resembles 
£n  upside  down  question  mark.  % 
•*9-4.  The?  jeggs  of  E.  vermicularis  (fig.  41)  are 
more  or  less  flat  on  one  side  and  broadly  rounded 
on  the  other.  They  have  a  colorless  double  shell 
that  is  very  sticky.  This  sticky  outer  shell  makes 
the  egg  stick  to  clothing  and  to  the  perianal  skin. 
.  The  eggs  are  almost  fully  embryonated  when  pas- 
sed. In  a  matter  of  a  few  hours  after  passage  the 
eggs  are  infective. 

9-5.  Infective  eggs  are  accidentally  ingested 
from  contaminated  fingers  or  along  with  dust. 
They  hatch  in  the  small  intestine;  and  larvae  make 
their  way  to  the  large  intestine,  where  they  mature 
in  from  15  to  28  days.  After  mating,  the  gravid 
female  migrates  to  the  anus  and  crawls  out,  where- 
upon she  usually  raptures — spilling  eggs  all  over 
the  perianal  folds. 

;  9-6.  The  presence  of  worms  atad  eggs  on  the 
skin^uses  anal  itching,  which  is  quite  severe  at 
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Table  5 
Nematoda 


PHYLUM  NEMATODA 


PHYLUM  AtANTHOCEPHALA 


CLASS  APHASMIDIA 

SUPERFAMILY  Trichuroidea 
I 

GENUS  Trichinella 
Trichuri*  * 

SUPERFAMILY  Dioctophymatoidea 
I 

GENUS  Dioctophyma 
CLASS  PHASMIDIA 

SUPERFAMILY  Rhabdiaso idea 

GENUS  Strongyloidea  *^ 

SUPERFAMILY  Strongyloidea 

GENUS  Ancyloatoma 
Nacator 
Tafrnidena 
Syngamua 

SUPERFAMILY  Trichostrongyloidea 

GENUS  Trichoatrongylua 

SUPERFAMILY  Metastrongyloidea 
1 

GENUS' Angioatrongylua 

SUPERFAMILY  Oxyuroidea 
I 

GENUS  Enterobiua 

SUPERFAMILY*  Ascaridoidea 
I 

GENUS  Aacaria 
Toxocara 

Lagocheilaacaria 
Aniaakia 

SUPERFAMILY  Spiruroidea 
I 

GENUS  Gongylonema 
Gnathoatoma 
Phtfaaloptera 
Thelazia 

SUPERFAMILY  Tilarioidea 
I 

GENUS  Wuchevevia 
Brugia 
Onchocerca 

Dipetalonema  (=Acanthocheilonema) 
0  Manaonella  , 

Oirofilaria 
r  loa 


 1 

Macvaaanthovhynchua 
Moni  liformia 


\ 


SUPERFAMILY  Dracunculdidea 

I  ^  ' 

GENUS  Dracunculus 


i 
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Figure  41.    Enterobius  vermicularis. 

times.  Occasionally,  in  female  patients,  a  worm 
will  crawt  into  the  vagina,  on  into  the  fallopian 
tubes,  and  eventually  into  the  peritoneal  cavity, 
causing* severe  complications.  Pinworms  are  nor- 
mally inhabitants  of  the  cecum..  Because  they  are 
frequently  found  in  the  appendix,  they  are  often 
suspected  of  causing  appendicitis;  but  their  pres- 
ence is  probably  incidental.  J  *  * 

9-7.  Laboratory  diagnosis  is  made  by  finding 
typical  adults  or  eggs.  Because /Of  the  migratory 
behavior  of  gravid  females,  tggy&t  only  rarely, 
found  in  routine  fecal  examinations.  You  should 
instruct  the  parents  to  collect  the  specimen  by 
pressing  the  sticky  side  of  clear  scotch  tape  to  the 
perianal  folds  and  then  sticking  the  tape  to  a  glass 
slide.  It  is  best  to  get  the  specimen  2  to  4  hours 
after  the  patient  has  gone  to  bed  or  early  in  the 
morning  before  bathing  and  before  a  bowel  move- 
ment Put  a  few  drops  of  xylene  under  the  tape 
just  before  examining  the  specimen,  and  most  of 
the  confusing  air  bubbles  will  be  eliminated. 

9-8.  Trichuris  Trichiura.  Trichuris  (whipworm) 
infections  are  widely  distributed,  but  they  are 
prevalent  only  in  warm  or  moist  temperate  cli- 
mates. The  worm  is  frequently  present  in  individu- 
als who  also  harbor  Ascaris  and  hookworm. 

9-9.  Trichuris  eggs,  in  the  unsegmented  stage, 
are  passed  firCST the  host  in  feces.  They  are  not 
infective  until  10  to  14  days  of  development  in 
moist,  shady  soil.  Man  becomes  infected  by  ingest- 
ing infective  eggs.  The  eggs  hatph  in  th$  small  jn- 


testine,  and  the  emerging  larvae  enter  the  intes- 
tinal crypts  and  penetrate  into  the  glands  and 
stroma,  where  they  obtain  nourishment  They 
gradually  migrate  down  the  intestine;  and  in  about 
10  days  they  begin  to  appear  in  the  cecum,  which 
is  the  habitat  of  the  adult  worms.  The  worms 
reach  maturity  in  about  90  days  after  the  eggs  are 
ingested.  These  worms  usually  live  for  several 
yeats. 

5-10.  The  anterior  two-thirds  of  the  worm  is 
slender  and  thread-like,  whereas  the  posterior 
one-tturd  is  thick  and  fleshy.  The  anterior  of  the 
worm  ^s  delicately  but  firmly  threaded  into  the 
mucosa  of  the  cecum.  The  male  (fig.  42)  meas- 
ures 30  to  45  mm.  in  Jength.  Its  heavy  posterior 
end  is  heavy  set  and  curled  into  a  full  circle.  The 
female  (fig.  42)  treasures  35  to  50  mm.  in  length. 
Its  body  is  bluntly  rounded  at  the  posterior  end. 
The  femalff  T,  trichiura  has  only  one  ovary  and* 
produces  relatively  few  eggs  (3,000  to  6,000  per 
day).  The  eggs  (fig.  42)  measure  50  to  54  mi- 
crons by  22.5  microns.  They  are  barrel  shaped 
and  have  a  double  shell.  The  outer  shell  is  stained 
with  bile,  which  gives  it  a  golden  bf*wn  color. 
They  have  what  appear  to  be  unstained  mucoid 
plugs  at  each  end  of  the  shell. 

9-11.  Light  infections  do  not  usually  cause 
symptoms.  The  presence  of,  moderate  to  large 
numbers  of  worms  causes  bloody  diarrhea.  In  di- 
rect saline  smears  fjom  such  cases,  you  will  find 
eggs,  many  eosinophils,  and  Charcot-Leyden  crys- 
tals. Jhe  eosinophils  and  Charcot-Leyden  crystals' 
may  even  be  present  several  weeks -before  the 
worms  start  to  produce  eggs.  You  will  have  to  use 
a  concentration  technique  to  find  the  eggs  in  light 
infections.  The  zinc  sulfate,  centrifugal  flotation 
,  method  is  generally  excellent,  but  it  will  not  float 
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Figure  42.  Trichuri^trichiura. 


infertile  nematode  eggs.  The  acid-formalin-ether 
concentration  method  is  satisfactory,  and  the  Kato 
thick  smear  has  recently  been  shown  to  be  excel- 
lent for  detecting  nematode  eggs. 

9-12.  Ascaris  L&nbrkoides.  A.  lumbricoides 
is  found  all  over  the  world  except  in  areas  that  axe 

-very,  cold  and  dry.  It  is  most  prevalent  in  tropical 
areas,  but  it  is  a,  common  parasite  in  cooler  cli- 
mates as  well. 

9-13.  The  eggs  of  Ascaris  are  unsegmented 
when  passed  and  njust  undergo  a  period  of  devel- 
opment in  the  soil  before  they  are  infective.  Under 
favorable  Conditions,  the  eggs  develop  to  the  infec- 
tive stage  in -about  3  weeks.  The  eggs  may  remain 
viable  in  soil  for  months  or  even  years.  They  are 
very  resistant  to  drying  and  low  temperatures. 

9-14.  Digestive  juices  act  on  the  egg  shell,  and 
the  larva  escapes  in  the  small  intestine.  The  larva 

'  migrates  through  the  intestinal  mucosa  and  makes 
its  way  to  the  liver,  then  to  the  heart,  and  finally 
to  the  capillaries  of  the  lungs.  There  it  enters  an 
alveolus,  where  it  undergoes  one  molt  and  grows 
to  about  2  mm.  in  length.  After  about  9  days,  in* 
the  alveolus,  the  third  stage  larva  migrates  up  the 
trachea  and  is  swallowed.  In  the  intestine  (wo 
more  molts  occur,  and  the  worms  become  sexually 
mature  in  8 — fz  weeks  from  the  time,  the  eggs 
were  ingested.  They  usually  live  for  about  1  year. 

*  9-15.  Adult  A:  lumbricoides  (fig.  43)  are  large 
worms.  The  females  measure  from  20  to  45  cm.. in 
length  and  are  about  5  mm.  in  diameter;  the  males 
are  roughly  two-thirds  as  long  and  somewhat 
smaller  in  diameter.  The  female  produces  an  aver- 
age of  about  200,000  eggs  per  day.  The*character- 
istic  fertile  egg  (fig.  43)  has  a  thick,  transparent 
inner  shell  that  is  covered  by  an  irregular,  wrin- 
kled albuminous  coat  The  fertile  egg  contains  a 
coarsely  granular  spherical  egg  cell  which  usually 
does  not  completely  fill  the  shell.  Bile  pigmenjaf  in 
the  intestinal  tract  of  the  host  stain  the  eggs  so  that 
they  are  golden  brown  when  passed  in  the  feces. 
Typical  fertile  eggs  are  ovoidal  and  measure  65  to 
75  microns  by  35  to  50  microns.  Unfertilized  fe- 
male worms  produce  infertile  eggs  (fig.  43)  that  are 
more  elongate  than  fertile  eggs.  They  measure 
about  90  by  40  microns  and  contain  an  amor- 
phous mass  of  granules  and  globules  which  com- 
pletely fills  the  sheik  Both  fertile  and  infertile  eggs 
may  be  found  without  the  outer  albuminous  coat 
(fig.  43).  These  decorticated  eggs  closely  resemble 
hookworm  eggs,  but  they  have  a  much  thicker 
shell;  tbiSy  contain  an  undivided  Cell  mass,  whereas 
hookworm  eggs  usually  contain  a  zygote  that  is  in 
the  four  or  eight  cell  stage. 

9-16.  As  the  larvae  of  A.  lumbricoides  migrate 
through  the  lungs,  pulmonary  signs  and  symptoms 
appear.  These  symptoms  are  most  noticeable  dur- 


ing the  second  week  after  infective  eggs  are  in- 
gested. The  most  common  symptoms  of  lung  migra- 
tion of  larvae  are  cough,  fever,  and  occasionally 
blood-tinged  sputum.  In  light  infections,  the  adult 
worms  usually  cause  little  or  no  problem.  In  mod* 
erate  infections  there  is  frequently  abdominal  pain 
or  discomfort  Large  numbers  of  worms  become  a 
burden,  and  their  large  size  makes  them  a  poten- 
tial problem.,  A.  lumbricoides  become  very  active 
during  febrile  diseases  and  some  abdominal  condi- 
tions. They  may  attempt  to  migrate^out  of  the 
body  in  both  directions,  or  they  may  congregate  in- 
a  tigiiC  mass  which  may  block  the  intestine.  The 
adult  worms  frequently  migrate  up  the  trachea  and 
out  of  the  patient's  nose;  or  they  may  stimulate  the 
patient  to  vomit  with  the  worm  being  passed  in 
the  vomitus.  ^ 

9-17.  When  the  larvae  are  migrating  through 
the  lungs,  you  will  find  many  eosinophils  and 
Charcpt-Leyden  crystals  in  sputum  specimens. 
You  may  also  find  some  larvae  in  the  sputum,  but 
you  can  recover,  them  more  readily  from  gastric 
washings.  After  the  worms  become  sexually  ma- 
ture, you  can  generally  find  eggs  in  simple  saline 
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Figure  43.    Ascaris  lumbricoides. 
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Table  6 
Characteristics  op  Hookworms 


35*3 


A.  Duodenale 

N.  Amaricua 

Approximate  size,  mm. 

Male,  10;  Female,  12 

Male,  8;  Female,  10 

.Position  of  head 

Anterior  end  continues  in 
same  curve  as  body 

Anter^r  end  strongly  reflexed 
dorsally 

,    Buccal  capsule  r 

Four  conspicuous  curved 
ventral  teeth,  one  pair 
small  teeth  deep  in 
capsule 

Two  yentral  semilunar  plates, 
two  poorly  developed  dorsal 
plates,  one  median ^dorsal 
^JUjoth,  and  a  pair  of  short- 
triangular  lancets  deep  in 
capsule  ^ 

Copulatory  bursa 

Dorsal  ray  divided  in 
distal  third ,  each 
aivibiun  enQS  in  tnree 
digit at ions  (tripartite) 

Dorsal  ray  divided  at  base, 
each  division  ends  in  two 
Gigita tions  ^Dipartitej 

Copulatory  spicules 

Two  hair-like  spicules 

Spicules  fused  at  tip  into 
a  barb 

Vulva 

In  posterior  half 

In  -anterior  half 

smears  of  the  feces.  You  do  not  have  to  use  con- 
centration techniques,  because  of  the  large  number 
of  eggs  produced  by  each  female  worm.  Detection 
of  single-worm  infections  presents  difficulties-be- 
,  cause  no  eggs  or  the  peculiar  infertile  eggs  are 
found  in  the  stool  specimen.  You  should  not  rely 
solely  on  flotation  techniques  because  infertile 
eggs  are  too  dense'  to  float  with  the  ordinary  tech- 
niques0. You  should  always  use  a  direct  saline 
'smear  in  conjunction  with  any  concentration  tech- 
nique. 

9-18.  Hookworms.  There  are  two  species  of 
hookworms  of  major  importance  to  man.  Ancylos- 
r  toma  duodenale  (Old  World)  and  Necator  ameri- 
canus  (New  World).  A.  duodenale  is  found  prin- 
cipally in  Southern  Europe,  Northern  Afriqa, 
China,  and  Japan.  Necator  americqnus  is  found  in 
the  Southern  United  States,  Central  America,  the 
West  Indies,  and  South  America  east  of  the 
Andes,  as  well  as  in  Central  and  South  Africa, 
Southern  Asia,  and  Polynesia.  The  principal  factor 
controlling  the  distribution  o&  these  parasites  is 
temperature.  N.  americanus  eggs  are  quickly  killed 
at  temperatures  belo>yv450  R,  whereas  those  of  A. 
duodenale  survive  at  considerably  lower  tempera- 
tures. 

9-19.  The  life  cycles  of  the  hookworms  are 
very  similar.  The  adultTattach  themselves  by  their 
buccal  capsules  to  the  mucosa  of  the  small  intes- 
tine of  tjie  host.  The  females  lay  a  fairly,  large 
number  of  eggs  pef  daj^  Necator  produces  more 
than  5,000  and  Ancylostoma  more  than  10,000 
daily.  Passed  hookwoipi  eggs  are  usually  in  early 
cleavage  and  rapidly  develop  to  the  first  larval 
stage.  When  feces  containing  hookworm  eggs  are 


deposited' on  warm,  moist,  sandy  soil,  rhabditiform 
larvae  hatch  within  24  to  48  hours.  Under  favora- 
ble conditions,  the  larvae  undergo  two  molts  in 
about  5  to  8  days.  The  resulting  larvae  are  third 
stage  filariform  larvae  which  are  infective. 

9-20.  The  infective  stage  filariform  larvae  of 
Necator  infect  the  human  host  only  by  peneAting 
the  skin.  The  infective  larvae  of  Ancylostoma  can 
establish  infection  after  being  swallowed  or  by 
penetrating  the  skin.  After  the  larvae  penetrate  the 
skin,  they  enter  the  blood  vessels  and  are  carried 
to  the  lungs,  where  they  develop  to  fourth  stage 
larvae.  After  about  1  week,  they  make  their  way 
up  the  pulmonary  tree  and  are  swallowed.  They 
attach  themselves  to  the  mucosa  of  the  small  intes- 
tine, where  they  continue  to  develop  to  the  adult 
stage.  Then  they  mate  and  begin  toiay  eggs.  From 
the  time  of  skin  penetration  to  egg  laying  is  about 
6  weeks.  Ancylostoma  larvae  do  not  undergo  any 
essential  development  in  the  lungs,  and  the  filari- 
form infective  larvae  that  are  swallowed  simply 
penetrate  into  the  intestinal  wall  and  develop  to 
the  fourth  stage  before  they  emerge  and  attach 
themselves  to  the  intestinal  mucosa.  Adult  worms 
of  both  species  live  and  produce  eggs  for  about  5 
to  10  years. 

9-21.  Allergic  lesions  may  develop  locally  at 
the  site  of  larval  penetration.  As  with  Ascaris 
infections,  a  single  heavy  exposure  to  infective  lar- 
vae can  cause  pulmonary  symptoms  of  hacking 
cough  and  fever  consequent  to  larval  migration 
through  the  lungs.  This  might  "occur,  for  example, 
in  troops  confined  to  foxholes 'or  in  other  situa- 
tions permitting  intimate  exposure  to  large,  num- 
bers -of  infective  larvae.  Iron  deficiency  anemia  is 
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the  classical  sytoiptom  of  hookworm  disease.  It  de- 
velops only  with  large  worm  burdens  or  in  the 
presence  of  other  conditions  that  contribute  to  the  N 
depletion  of  body  stores  of  iron.  During  World 
War  II,  it  was  foimd  that  our  troops  had  relatively  1 
light  ^infections  and  hookworm  anemia  did  not  de- 
velop. A.  duodenale  generally  produces  a  more  se- 
vere disease  than  N.  americanus  when  similar 
numbers  of  worms  afe  present. 

9-22.  Diagnosis  is  made  by  demonstrating 
hookworm  eggs  in  stool  -specimens.  You  cannot 
differentiate  the  species  of  hookworms  on  the  basis 
of  egg  morphology  alone.  Only  on  rare  occasions 
will  you  be  required  to  identify  hookworms  to 
species.  In  the  event  such  identification  is  required 
before  treatment,  set  up  a  "Harada-Mori"  culture. 
After  about  1  week  check  the  culture  for  filari- 
form larvae.  Compare  the  buccal  structures  under 
high  power.  The  buccal  canal  in  each  is  lined  with 
cuticle,  but  in  Necator  it  is  thickened  at  one  level 


to  give  the  appearance  of  a  minute,  spear-like 
structure.  The  buccal  canal  of  Ancylostoma  is 
smooth.  With  the  aid  of  table  6  and  figure  44,  you 
can  easily  identify  the  adults  as  to  species.  Con- 
centration techniques  are  not  needed  to  detect  the 
eggs  (fig.  44)  if  infection  is  heavy  enough  to  pro- 
duce hookworm  disease.  On  routine  fecal  exami- 
nations, you  will  rfecover  eggs  -from  patients  with 
only  one  or  two  egg-producing  worms  with  either 
the  zinc-sulfate  centrifugal  flotation  concentration 
method,  the  formalin-acid-ether  concentration 
method,  or  the  Kato  thick  smear  method. 

9-23.  To  give  the  physician  some  idea  of  the 
significance  of  the  infection,  you  should  perform  a 
simple  egg  count.  Make  a  saline  direct  smear  using 
sufficient  feces  (2  mg.)  to  cover  the  tip  of  an  ap- 
plicator stick.  Systematically  cover  the  entire 
smear  and  count  all  of  the  eggs.  Fewer  than  five 
eggs  per  smear  indicates  light  infection  that  ordi- 
narily does  not  produce  anemia.  Counts  of  20  or 
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more  eggs  per  smear  indicate  clinical  significance. 
Very  heavy  infections  will  produce  over  100  eggs 
per  smear.  Such  heavy  infections  usually  cause  an 
observable  anemia. 

Jf  9-24.  Strongyloides  Stercoralis.  Strongyloses, 
like  the  hookworm,  requires  warm,  moist  soil  for 
completion  of  its  life  cycle.  In  general,  the  distri- 
bution of  Strongyloides  parallels  that  of  human 
hookworms.  Its  distribution  pattern  is  much  more 
spotty  than  that  of  th^ho&kworms  and  fewer  peo- 
ple are  infected.  It  is  found  mainly  in  tropical  and 
subtropical  areas.  Cases  are  rarely  reported  from 
Europe.  In  the  United  States,  §.  stercoralis  is  en- 
demic along  the  Gulf  Coast  of  Florida,  Louisiana, 
Mississippi,  and  Alabama. 

9-25.  Strongyloide  stercoralis  has  a  rather  com- 
plicated life  cycle.  The  parasitic  adults  live  in  the 
mucosa  of  th£  small  intestine.  Eggs  are  passed  di- 
rectly into  the  mucosa,  where  they  embryonate 
and  hatch.  Rhabditiform  larvae  reach  the  lumen  of 
the  intestine  and  are  passed  in  the  feces.  Once  they 
'are  passed,  they  may  follow  either  a  direct  or  indi- 
rect route  of  development.  The  indirect  route  of 
development  occurs  when  larvae  develop  into 
free-lfring  adult  male  and  female  worms.  This 
usually  happens  when  the  rhabditoid  larvae  are 
tdbffasited  on  wanp,  moist,  shaded  soil.  The  free- 
Iitong  adult  females  produce  eggs,  and  2  to  3  jiays 
later  free-living  rhabdftoi%arvae  hatch.  Within  24 
hours  after  the  eggs  hatch,  the  rhabditoid  larvae 
develop  into  infective  filariform  lar\ae.  Species  of 
,  Strongyloides  which  parasitize  man  have  only  one 
completely  free-living  generation,  but  some  species 
that  parasitize  other  maiiimals  may  have  more 
than  one  free  Jiving  generation.  The  direct  mode 
of  development  usually  occurs  jvhefc  drier  and 
cooler  conditions  are  prevalent  Under  such  condi- 
tions, the  free-living  rhabditoid  larvae  that  are  de- 
posited on  the  soil  develop  directly  to  infective  fi- 
lariform larvae,  thus  bypassing  the  free-living 
adult  stage,  v  The  filariform  larvae,  regardless  of 
inode  of  development,  may  live  for  as  much  as  2 
weeks  on  the  soU. 

9-26.  On  contact,  the  infective  filariform  larvae 
penetrate  the  skin  and  enter  the  small  blood  ves- 
sels, through  which  they  are  carried  to  the«lung$. 
In  the  lungs  they  break  out  of  the  capillaries  into 
the  air  spaces  and  then  make  £heir  way  to  the  in- 
testine. They  enter  the  mucosa  A  the  small  intes- 
tine, molt  twice,  and  mature  in  about  2  weeks. 
There  are  no  males  in  the  parasitic  stage;  there  are 
only  females.  The  adult  fepaale  worm  is  partheno- 
genetic  (produces  viable  eggs  without  fertilization 
by  a  male  worm).  In  some  cases  the  rhabditoid 
larvae  transform  into  infective  filariform  larvae 
before  they  are  passed  from  the  intestine  of  the 
host.  When  that  happens,  the  infective  larvae  pen- 


etrate the  intestinal  wall  (autoinfection);  and  hy- 
perinfection  of  the  host  occurs. 

9-27.  The  tunneling  process  in  the  small  intes- 
tine and  the  tissue  reaction  to  eggs,  worms,  and 
larvae  cause  epigastric  pain,  abdominal  cramps, 
and  diarrhea.  Symptoms  may  resemble  those  of 
peptic  ulcer.  Significant  eosinophilia  is  present  in 
about  half  of  the  cases.  Patients  with  hyperinfec- 
tion  may  have  fever  and  other  generalized  symp- 
toms. Severe  infections,  especially  if  associated 1 
with  other  debilitating  conditions,  can  lead  to 
death. 

9-28.  Diagnosis  is  usually  made  by  finding  the 
motile  rhabditoid  larvae  (fig^45)  in  feces  or  duo- 
denal contents.  The  larvae  are  large  (0.25  mm.  to 
0.40  mm.  )  and  actively  motile.  You  can  see  them 
easily  on  direct  saline  smears  with  the  aid  of  a  mi- 
croscope. In  suspeqted  cases  where  you  do  not 
find  the  larvae  on  the  direct  smear,  set  up  a  Baer- 
mann  apparatus  (fig.  46).  Cover  a  piece  of  filter 
paper  with  feces.  Place  the  filter  paper,  feces  side 
down,  on  the  gauze.  Fill  the  funnel  to  the  level  of 
the  filter  paper  with  water.  Incubate  at  37°  C.  to 
40°  C.  for  1  hour.  The  larvae  will  migrate  from 
the  feces  into  the  water  and  settle  to  the  bottom. 
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Figure  45.    Rhabditoid  Larvae. 
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site  is  jnost  commonly  found  in  pork-cating  popu- 
lations. Trichinella  has  traditionally  been  a  serious 
problem  in  porta  of  Europe  and  the  United  States 
until  recent  decades.  It  is  still  widely  distributed  in 
Germany,  Poland,  Spain,  Hungary,  and  the  lower 
Danube  countries.  There  are  still  reports  of  small 
epidemic  outbreaks  occurring  in  the  United  States 
'  and  Latin  America.  In  the  last  few  years  there 
have  been*sever»l  outbreaks  reported  from  Thai- 
land. 

9-31.  Trichinella  is  unique  among  the  intestinal 
nematodes  that  parasitize  man.  Its  life  cycle  does 
not  include  any  developmental  stages  outside  the 
body  of  a  host,  aftd  it  does  riot  involve  a  true  inter- 
mediate host.  It  develops  about  equally  well  in 
man,  pigs,  rats,  and  many  other  mammals.  Man 
Usually  gets  his  Trichinella  infections  by  eating  un- 
cooked portions  of  an  infected  pig,  and  the  pig 
could  just  as  readily  acquire  infection  x>y  eating 
uncooked  portions  of  an  infected  human. 

9-32.  The  cycle  in  man  begins  when  he  ingests 
meat,  usually  pork,  that  contains  infective  larvae. 
In  the  small  intestine,  the  cyst  that  surrounds  the 
larvae  is  digested;  and  the  larvae  enter  the  intes- 


Figurc  46.    Baermann  apparatus. 

Draw  off  10  cc.  of  water  from  the  bottom  of  the 
funnel  and  centrifuge.  Examine  the  sediment  for 
typical  larvae.  Examine  fecal  specimens  as  sooA 
after  passage  as  possible.  If  hookworm  eggs  are 
present/ motile  larvae  will  hatch  within  24  hours 
when  the  stool  is  allowed  to  stand  at  room  temper- 
ature. Also,  the  rhabditoid  larvae  of  Strongyloides 
will  develop  into  filariform  larvae  in  that  period  of 
time.  On  rare  occasions,  larvae  may  be  found  in^. 
sputum,  urine,  or  aspirates  from  body  cavities. 

9-29.  The  points  to  be  especially  noted  to  dif- 
ferentiate the  rhabditoid  larvae  of  Strongyloides 
from  those  of  the  hookworms  (fig.  45)  are: 

•  The  buccal  canal  of  Strongyloides  is  very 
short,  whereas  that  of  the  hookworms  is 
longer  and  narrow. 

•  The  genital  primordium  of  Strongyloides  is 
much  larger  than  tha^  found  iri  the  hook- 
worms. 


When  examining  filariform  larvae  (fig,  47),  note 
the  long,  slender  body  shape  and  the  relatively 
long  esophagus,  which  is  approximately  half  the* 
body  length.  The  filariform  larva  of  Strongyloides 
can  be  distinguished  from  ar  filariform  larva  of 
hookworm  because  Strongyloides  has  a  notched 
tail,  whereas  a  filariform  larva  of  hookworm  has  a 
pointed  tail. 

9-30.  Trichinella  Spiralis*  Trichinella  has  a 
worldwide  distribution.  The  principal  reservoir  for 
human  infection  is  the  pig.  Aggexpected,  the  par- 


Figure  47.    Filariform  larvae  of  Strongyloides. 
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tinal  crypts.  The  larvae  mature  very  rapidly.  The 
adults  (fig.  48)  are  small  white  woig©s,  just  visible 
to  the  unaided  eye,  the  male  being  1.5  mmT  long 
and  the  female  about  3.9  mm.  long.  The  male  dies 
after  mating  and  is  passed  from  the  intestine  in  a 
very  short  time.  Upon  fertilization,  the  female  bur- 
rows more  deeply  into  the  intestinal  mucosa  and 
by  the  5th  to  7th  day  begins  to  deposit  larvae  di- 
rectly into  the  mucosa.  A  single  female  gives  birth 
to  several  hundred  larvae  over  a  period  of  4  to  16 
weeks  or  more.  The  little  larvae  measure  100  mi: 
crons  lon^and  6  microns  in  diameter.  They  reach 
the  mesenteric  venules  and  lymphatics  and  become 
distributed  to  all  parts  of  the  body.  The  young  lar- 
vae leave  the  capillaries  and  invade  voluntary 
(striated)  muscle.  This  is  the  only  tissue  in  which 
the  larvae  are  able  to  develop  and  grow.  The  mus- 
cles most  frequently  affected  are  in  the  diaphragm, 
larynx  and  tongue,  and  the  biceps,  gastrocnemius, 
and  deltoid  muscles.  One  to  two  weeks  after  expo-* 
sure,  most  of  the  larvae  have  reached  striated  mus- 
cle. About  3  weeks  after  exposure,  the  larvae  in 
the  mjiscles  .(fig.  48)  have  grqwyi  to  about  1;  mm. 
in  length.  At  this  stage  they  have  become  coiied 
and  encapsulation  has  begun.  The  larvae  are  infec- 
tive f&r  another  host  when  they  reach  the  coiled 
stage. .  Calcification  of  the  capsule  begins  after 
about  8  weeks.  In  9  to  12  months  tfiost  of  the  en- 
capsulated larvae  are  completely  clacified  and 
dead,  but  some  may  live  for  several  years. 

9-33.  The  severity  of  th^disease  caused  by  Tri~ 
chinella  spirhlis  is  related  to  the  number  of  larvae 


.  Figure  48.    Trichinella  spiralis. 
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ingested.  Ingestion  of  a  small  dose  of  larvae  prolv 
'ably  goes  unrecognized.  In  heavier  infections,  as 
the  young  worms  excyst  and  migrate  into  the  intes- 
tinal mucosa,  the  patient  exhibits  symptoms  of 
gastroenteritis.  As  the  worms  mature  and  release 
young  larvae,  acute  inflammatory  reactions  occur 
around  the  larvae  as  they  become  temporarily 
trapped  in  capillaries  of  various  organs  during 
their  iWigration  through  tj*e  tissues.  An  eosinophi- 
lic of  15  to  50  percent  develops  during  this  period. 
Patients  with  severe  infections  may  experience 
symptoms  affecting  special  muscle  groups,  such  as 
painful  swallowing,  breathing,  or  chewing.  In  very 
heavy  infections,  as  the  larvae  continue  to  be  pro- 
duced and  continue  to  invade  the  muscles,  the  out- 
come may Jpfc  fatal;  or  permanent  crippling  of  the 
patient  rmy  result. 

9-  34.  A  definitive  diagnosis  of  Trichinella  is 
very  difficult  to  make  in  the  early  stages  of  the  dis- 
ease. During  the  very  early  stages,  the  physician 
has  nothing  to  go  on  but  the  patient  history.  At 

,  that  point  the  patient  will  have  ah  eosinophilic  leu- 
kocytosis. You  can  sometimes  find  T.  spiralis  lar- 
vae in  the  centrifuged  sediment  of  hemolyzed 
blood  during  early  phases  of  heavy  infections  or  in 
the  cerebrospinal  fluid  when  CNS  involvement  is 
present.  Larvae  can  usually  be  found  in  suspected 
meat  if  it  is  still  a\ailable.  Compress  a  portion  of 
the  tissue  between  two  glass  slides  before  examin- 
ing it  with  the  microscope,  and  you  will  be  able  to 
easily  see  the  encapsulated  larvae.  If  large 
amounts  of  tissue  are  available,  digest  it  with  gas- 
tric juices  and  then  examine  the  sediment  for  freed 
Trichinella  larvae.  As  the  infection  advances  and 
larvae  reach  the  muscles  (7  to  14  days),  it  is  pos- 
sible to  recover  them  from  muscle  biopsies.  Use 
the  compression  slide  technique  for  muscle  biop- 
sies as  well  as  examining  suspected  meat.  Skhr  test 
antigens  are  available  for  Trichinella,  and  the  phy- 
sician will  occasionally  use  them  as  an  aid  in  diag- 
nosing the  disease.  Reliable  agglutination  proce- 
dures are  available  for  this  infection^  A  bentonite 
flocculation  test  and  an  indirect  hemagglutination 
test  have  been  found  to  be  sensitive  and  satisfacto- 
rily specific.  The  tests,  when  performed  on  acute 
and  convalescent  serum,  will  show  a  significant  in- 
crease in  titer. 

10.  Filarial  and  Dracunculus 

10-  1.  .Filarial  worms  live  as  adults  in  the  blood, 
and  lymphatic  circulatory  ,  systems,  muscles, 
connective  tissues,  and  bqdy  cavities  of  verte- 
brates. Dracunculus  medinensis  is  similar  to  the  fi- 
larial worms,  but  they  are  not  taxonomicaliy  re- 
latetf.  However,  it  is  convenience  consider  it  in 
this  section.    K  / 

10-2.  Filarial  The  true  filarial  worms  are 
unique  because  they  have  an  embryonic  stage 
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Figure  49.  Microfilaria. 

known  as  a,  microfilaria  (fig.  49),  which  is  depos- 
ited directly  into  the  tissues  by  the  females.  The 
young  embryos  migrate  through  the  tissues  to  the 
blood  or  lymphatic  vessels,  and  they  periodically 
appear  in  the  vessels  of  the  skin.  In  some  species, 
the  microfilariae  retain  the  shell  "of  the  egg  as  a 
sheath,  and  -  in  other  species  they  actually  hatch* 
from  the  egg.  Bloodsucking  insects,  while  taking  a 
blood  meal,  take  in  some  microfilariae.  In  appro- 
priate bloodfesding  insects,  microfilariae  undergo 
a  period  ,of  development  and  become  infective 
third  stage  filariform  larvae.  When  the  infected  hkr 
sect  takes  another  blood  meal,  the  larvae  escape 
from  the  proboscis  and  enter  the  skin  through  the 
bite  wound.  The  larvae  then  require  several 
months  of  development  to  become  mature  worms. 

10-3.  Wuchereria  bancrofti.  W.  bancrofti  is 
widely  distributed  in  most,  tropical  areas  of  the 
world  In  some  of  the  South  Pacific  islands  and 
parts  of  India  the  parasite  is  endemic;  however,  in 
most  of  the  areas  where  the  worm  is  widespread, 
relatively  few  individuals  are  infected  Man  is  the 
only  known  host 

10-4.  W.  bancrofti  is  a  small,  thread-like  worm 
(fig.  SO).  The  males  measure  about  4  centimeters, 
long  and  the  females  about  8  centimeters  long. 
The  adults  usually  live  in  lymph  nodes  and  lym- 
phatic vessels  in  the  groin  and  external  genitalia* 
The  microfilariae  commonly  circulate  in  pe- 
ripheral blood  only  at  night  '(nocturnal  periodic- 
ity). Strains  of  the  parasite  from  the  South  Pacific 
islands  demonstrate  practically  no  periodicity.  The 
parasite  is  transmitted  by  many  species  of  culicine 
and  anopheline  mosquitoes. 

10-5.  In  the  early  stages  of  infection  there  are 
periods  of  ♦fever,  pain,  and  some  swelling  of  the 
lymph  nodes  and  lymplf  channels.  In  chronic 
cases,  the  lymph  vessels  become  obstructed;  and 
extensive  growth  of  connective  tissue  develops  in 
the  groin,  external  genitalia,  and  legs,  producing 


disfigurement  (elephantiasis).  Only  a  small  per- 
centage of  Ithe  acute  cases  continue  to  the  chronic 
stage  of  elephantiasis. 

10-6.  The  demonstration  of  microfilariae  or 
adult  worms  is  the  only  .proof  of  filariasis.  Tech- 
niques for  demonstrating  microfilariae  of  W.  ban- 
crofti  in  blood  specimens  also  apply  to  other  fflar- 
iae  whose  microfilariae  circulate  in  the  blood.  A 
careful  search  for  microfilariae  should  always  be 
ma^|  when  filariasis  is  suspected,  and  examina- 
tions should  be  repeated  at  intervals.  Microfilariae 
of  W.  bancrofti  may  be  found  in  preparations  of 
blood  or  aspirated  contents  of  lymph  nodes  or  hy- 
droceles or  in  chylous  urine.  In  areas  where  W. 
bancrofti  demonstrates  nocturnal  periodicity,  mi- 
crofilariae are  most  readily  detected  ig.  blood 
taken  at  night  In  the  South  Pacific  islands,  the 
nonperiodic  microfilariae  may  be  slightly  more  nu- 
merous in  the  daytime  than  at  night  • 

10-7.  In  well-established  infections;  microfilar- 
iae may  be  seen  microscopically,  thrashing  about 
in  a  drop  of  fresh  blood  You  should  mix  one  drop 
of  blood^ith  one  or  two  drops  of  physiological  sa- 
line on  It  glass  slide;  spread  the  preparation  %  and 
cover  it  mth  a  22  x  50  mm.  coverslip.  Use  the  low 
power  objective  for  scanning  the  slide.  Wet  prepa- 
rations are  good  to  use  for  screening  purposes* 
When  you  find  microfilariae,  prepare  thick  or  thin 
stained  Wood  smears  to  identify  the  species.  It 
may  be  Imscessary,  particularly  in  new  infections, 
to  use  ond  of  the  concentration  methods  to  detect 
microfilariae.  The  Knott  technique'  is  most  com-^ 
monly  i  employed.  The  procedure  is  veiy  simple 
and  effective.  Withdraw  2  cc.  of  blood  from  a  vein 
and  dilute  it  in  10  cc.  of  2  percent  formalin.  Mix 
in  a  IS  ccj  centrifuge  tube,  centrifuge  for  5  min- 
utes at  2,0<M)  rpm,  decant  the  supemant,  and  ex- 
amine the  pediment  for  microfilariae.  You  can 
spread,  dry,  fix,  and  stain,  the  sediment  with 
Giemsa  as  you  did  the  thick  or  thin  blood  smears. 
Table  7  and  figure  51  give  the  information  neces- 
sary to  identify  the  species  in  stained  films.  The 
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Figure  50.    Wuchereria  bancrofti. 
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Table  7 

Characteristics  of  Microfilariae 


SPECIES 

FOUND  IN 

LENGTH 
(IN  MICRONS) 

PERIODICITY 

SHEATH 

TAIL  MORPHOLOGY 

V,  banorofti 

«  Blood 

*24S-29S 

Usually 
Nocturnal 

Present 

Tapers  to  delicate  point; 

Nuclei  do  not  extend  *o  tip  of  tail. 

5.  nala\i 

Blood 

177-230 

Nocturnal 

Present 

Tapers*  to  delicate  point;  Two 
teminal  nuclei* 

L,  loa 

Blood 

250-350 

r 

Diurnal 

Present 

Tapers  gradually;  Nuclei 
continuous  into  tail. 

M.  o9jtardi 

Blood 

185-200 

None ' 

Absent 

Tapers  gradually;  Nuclei  do 
not  extend  to  tip  of  tail. 

D.   p9T§tan*  . 

Blood 

190-200 

None 

Absent 

Tapers  gradually;  Bluntly  * 
rounded;  nuclei  to  tip  of  tail. 

Skin 

180-240 

Nont 

Absent 

Slender  hooked  tail;  Bluntly 
rounded;  nuclei  to  tip  of  tail. 

0.  volvulus 

Skin 

150-287 

or 
285-368 

None 

Absent 

Tapers  gradually;  Nuclei  do  not 
extend  to  tip  of  tail. 

MICROFILARIAE 


ERIC 


IN  BLOOD 


W.  banovofti 

t 


M.  oztatdi 


IN  SKIN 


loa 


0.  volvulu§ 


D.'  pmrttant 


Figure  51.  Microfilariae. 
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demonstration  of  adult  worms  in  lymph  node 
biopsies  gives  verification  of  the  clinical  diagnosis 
^even  in  the  absence  of  microfilariae.  Biopsies  are* 
not  recommended  as  a  routine  diagnostic  proce- 
dure. In  tjhe  event  that  biopsies  are  taken,  they 
should  be  studied  by  a  trained  pathologist:  and  par- 
asitologist 

10-$.  Other  laboratory  studies  are  sometimes 
helpful  in  filariasis.  Leukocytosis  and  eosinophilia 
may  be  present,  but  they  are  not  specific.  Immu- 
*  nologicaL  tests^of  all  kinds,  have  been  employed, 
but  skin  tests  antiLcomplement-fixation  tests  have 
received  the  most  attention.  The  antigens  usually 
employed  are  derivemfrom  Dirofilaria  irf&nitis,  a 
filariid  which  occurs  in  dogs.  The  tests  are  not 
species  specific,  and  the  techniques,  have  not  been 
standardized',  however,  results  of  these  tests  may 
be  helpful  in  conjunction  with  other  findings.  They 
are  especially  useful  when  testing  large  groups  of 
patients  as  in  surveys.  Theyyrequire  very  critical 
evaluation  in  individual  cases. 

10-9.  Brugia  malayi.  B.  malayi  is  found  in 
k  Southeast  Asia.  Its  range  extends  from  Ceylon 
northward  into  India  and  from  Indonesia  arid  Bor- 
neo through  Malaya  and  Thailand  to  South  Korea. 
Brugia  malayi  occurs  naturally  in  cats  and  mon- 
keys, as  well  as  man.  The  adult  parasites  live  ijr 
lymph  nodes  and  vessels  and  produce  the  same 
type  of  symptoms  and  disease  as  Wuchereria  ban- 
crofti.  B.  malayi  adults  and  microfilariae  are  very 
similar  to  Wuchereria  bancrofti,  but  they  differ 
sufficiently  to  *be  assigned  to  two"  different  genera. 
Adult  B.  malayi  are  about  half  as  large  as  W.  ban- 
crofti.  The  microfilariae  of  both  species  (table  7 
and  fig.  SI)  are  sheathed.  B.  malayi  microfilariae 
have  two  cells  in  the  tip  of  the  tail  which  are  not 
present  in  W.  bancrofti.  The  microfilariae  of  B. 
malayi  psually  exhibit  nocturnal  periodicity  just  as 
those  of  W.  bancrofti  do,  but  the  periodicity  does 
not  appear  to  be  as  strong  in  soipe  areas. 

10-10.  Loa  loa.  Loa  loa  is  commonly  known  as 
the  eye  worm  or  the  missionary  worm*  It  is  found 
in  central  and  western  Africa.  The  principal  en- 
demic areas  lie  on  the  toastal  plains  from  Sierra 
Leone  to  Angola  and  along  the  watersheds  of 
main  rivers.  They  are  medium  sized  ,wdrms  (males 
30  to  35  mm.  long  and  females  SO  to  70  mm. 
long)  that  inhabit  subcutaneous  tissues  of  humans. 
As  the  worms  migrate  around  in  the  subcutaneous 
tissues,  "calabar"  swellings  appear  and  remain  for 
2  to  3  days.  The  painful  swellings  are  believed  to 
be  allergic  responses*  to  the  worms.  On  occasions, 
adult  worms  migrate  beneath  the  conjunctiva  oi< 
the  eye.  The  parasite  causes  no  serious  damage  to 
the  host,  but  it  is  rather  disturbing  for  a  worm  to 
migrate  across  the  eye. 

10-11.  Flies  of  the  genus  Chrysops  are  the  in- 
termediate hosts  of  Loa  loa.  You  probably  know 


them  as  "tabanid"  or  "deer"  flies.  They  usually' 
bite  rtian  between  dawn  and  dusk — the  same  time 
that  the  microfilariae  of  Loa  loa  are  found  in  the 
peripheral  circulation.  The  appearance  of  microfi- 
lariae in  the  peripheral  circulation  only  during  the 
daytime  is  called  diurnal  periodicity.  The  microfi- 
/T&riae  (table  7  and  fig.  51)  are  sheathed  and  have 
a  core  of  nucleated  cells  that  extends  without  in- 
terruption into  the  tip  of  the  tafl.  When  you  are 
unable  to  find  microfilariae  in  suspected  cases,  the 
patient  should  be  skin  tested  with  a  filarial  anti- 
gen. An  immediate  positive  reaction  will  almost  al- 
ways occur  in  people  who  have  the  parasite. 

10-12.  Onchocerca  volvulus.  O.  volvulus  has  a 
very  irregular  distribution  in  the  African  and 
American  .tropics.  It  is  not  endemic A  in  coastal 
areaS.  The  principal  endemic  foci  in  Africa  are  in- 
land, along  river  courses,  whereas  in  Central  and 
South  America  the  disease  is  confined  to  coffee 
plantations  at  elevations  of  1,000N  to  3,$00  feet 
The  *  adult  worms  are  quite  long  and  slender 
(males  19  to  42  mm.  long  by  130  to  210  microns, 
females  335  to  500  mm.  long  by  270  to  400  mi- 
crons). They  usually  live  in  pairs  in  subcutaneous 
nodules.  The  nodules  may  occur  on  any  part«pf 
the  body.  In  Africa  the  nodules  -frequently,  occur 
over  any  bony  prominences  of  the  body,  whereas 
in  Central  ^and  South  America  they  are  found 
more  frequently  on  the  head  or  scalp.  The  microfi- 
lariae are*  not  sheathed.  The  microfilariae  of 
Onchocerca  remain  in  the  superficial  lymphatic 
spaces*  and  connective  tissue  of  the  skin'  after  they 
escape  from  the  nodules.  They  rarely,  if  ever,  get 
into  the  bloodstream. 

10-13.  The  insect  intermediate  hosts  belong  to 
the  genys  Simulium,  commonly  known  as  black 
flies.  Members  of  the  genus  Simulium  are  blood 
suckers,  but  they  have  chewing  mouthparts.' To 
take  a  blood  meal,  they  chew'a  hole  in  the  skin  to 
the  capillary  bed.  They  lap  up  the  blood,  and 
at  the  same  time,  the  tissue  juices  which  contain 
the  microfilariae  of  O.  volvulus. 

10-14.  The  nodules*  of  Onchocerca  volvulus 
cause  little  or  no  inconvenience.  As  the  microfilar- 
iae migrate  about  through  the  skin,  sensitization 
reactions  occur.  In  addition  to  itching,  the  skin  be- 
comes dry,  wrinkled,  rough,  and  shining.  Eventu- 
ally the  skin  thickens  and  loses  its  elasticity.  In 
some  areas*  there  is  a  very  high  incidence  of  blind- 
ness among  people  who  have  Onchocerca  volvulus 
infections.  Blindness  is  a  result  of  the  damage 
caused  by  the  microfilariae  migrating  through  the 
eye. 

10-15.  The  microfilariae  (table  7  and  fig.  51) 
do  not  enter  the  bloodstream;  therefore,  you  can- 
not find  them  by  examining  blood  smears,  not 
even  with  concentration  methods.  Since  the  micro- 
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filariac  are  in  the  skin;  the  examination  of  skin 
silips  is  the  most  praqtical  diagnostic  measure.  Re- 
move a  ttiin  skin  'Shaving  about  0.5  cm.  in  diame- 
ter with  a  razor  ftlade,  tease  the  specimen  apart  in 
a  drop  of  saline,  and  examine  it  microscopically 
for  microfilariae.  Excised  nodules  should  be  exam? 
ined  for  microfilariae  and/ or  adult  Worms.  - 

10-16.  'Dipetalonema  (  —  Acanthocheilohema) 
perstans.  Dipetalonema  perstdni  is  quite  common 
in  the  tropical  regions  of  western  and  central  tropi- 
cal Africa  tad  northern  South  America.  It  appar- 
ently is  a  harmless  parasite  that  lives  in  body  cavi- 
ties: Biting  gnats  (belonging  to  the  genus  Culicoides 
serve  as  intermediate  hosts.  The  microfilariae 
(table  7  and  fig.  51)  circulate  in  the  peripheral 
blood  You  will  have  to  differentiate  them  from 
the  microfilariae  of  the  more  harmful  species. 

10-17.  Dipetalonema  (  =  A  can  thocheilonema) 
streptocerca.  Dipetalonema  streptocerca  is  com- 
mon in  the  same  areas  as  Onchocerca  volvulus. 
Species  of  Culicoides  serve  as  intermediate  hosts 
for  this  parasite.  Adult  worms  live  in  cutaneous 
connective  tissue,  and  the  microfilariae  found  in 
the  skin  are  similar. to  the  microfilariae  of  O.  vol- 
vulus J  Tht  microfilariae  (table(7  and  fig.  51)  of 
£>.  streptocerca  are  most  frequently  found  in  skin 
snips,  but  you  must  make  the  snip  deep  enough  to. 
include  dermal  tissue.  Most  infected  persons  are 
symptomless,  but  they  may  have  some  cutaneous 
edema  and  disfigurement 

10-18.  Mansonella  ozzardL  M.  ozzardi*  occurs 
only  in  Central  America,  South  America,  and  the 
'West  Indies.  Species  of  the  genus  Culicoides  apd 
possibly  species  of  the  genus  SimuUum  serve  as  in- 
termediate hosts.  The  adult  worms  live  in  body 
cavities  and  apparently  cause  no  harm.  The  micro- 
filariae (table  7  and  fig.  51)  are  recovered  from 
peripheral  blood.  .  h 

10-19.  Dracnncuius  Medinensis.  D.  medinen- 
sis, known  as  ttie*|uinea  worm  or  fiery  serpent,  is 
found  in  man  throughout  tropical  Africa  and  espe- 
cially in  much  of  the  Middle  East  It  has  been  re- 
ported from  horses,  cattle,  leopards,  polecats,  and 
monkeys  from  the  endemic  areas.  It  is  found  in 
furbearing  animals  in  North  America  and  dogs  in 
China. 

10-20.  Dracunculus  is  similar  *to  the  filarial 
worms,  but  there  are  fundamental  differences?  The 
adult  female  Dracunculus  is  much  larger  than  the 
filarial  worms.  Dracunculus  females  0  pass  first 
stage  rhabditoid  larvae  rather  than  pre-larval  em- 
bryos (microfilariae).  The  larvae  are  passed  from 
the  host  and  do  not  get  into  the  skin  or  into  the 
circulatory  system  of  the  host 

10-24  •  The  adult  female  Dracunculus  lives  in 
the  subcutaneous  tissues,  usually  on  the  arms  or 
legs  of  man.  When  ready  to  release  larvae,  the 


female  causes  a  blister  to  form  in  the  sjtin  of  the 
host  A  loop  of  the  uterus  of  the  worm  lies  very 
near  the  blister  and  when  the  blister  comes  in  con- 
tact with  water  in  a  stream,  lake,  pond,  etc.,  the 
blister  bursts.  The  uterus  then  prolapses  and  nip-  1 
tures,  ^releasing  large  numbers  of  larvae  ,  into  the 
water.  The  larvae  must  be  ingested  by  copepods 
belonging  to  the  genus  Cyclops,  which  serve  as  in- 
termediate hosts.  In  the  copepod  the  larvae  de- 
velop to  infective  third  stage  larvae  in  about  3 
weeks. 

10-22.  People  become  infected  with  Dracttncu-~~ 
lus  by  drinking"  water  that  contains  the?  minute  in- 
fected Cyclops.  When' the  infected  Cyclops  reaches 
the  intestine,  the  larvae  are  freed  as  the  copepod  is 
digested  The  larvae  make  their  way  through  the 
intestinal  wall  and  into  the'  body  cavity.  There  they 
develop  to  maturity  in  8  to  12  months.  The  cycle 
is  completed  w^en  the  female  becomes  gravid  and 
.  migrates  to  the  subcutaneous  tissues.  / 
*  10-23.  As  the  adult  female  migrates  to  the  sub- 
cutaneous tissues,  there  may  be  pronounced  al- 
lergic reactions  such  as  skin  rashes,  nausea,  vomit- 
ing, and  diarrhea.  After  the  female  worm  reaches 
the  skin  and  the  blister  ruptures,  there  is  a  good 
chance  for  secondary  bacterial  infection  in  the 
worm  channel.   %  , 

10-  24.  A  positive  diagnosis  cannot  be  made 
until  the  worm  forms  a  blister  on  the  skin.  At 
times,  you  may  demonstrate  the  larvae  hy  placing 
the  blister  in  contact  with  water  and  allowing  it  to 
rupture.  Of  course,  vm  can  make  a  specific  diag- 
nosis as  soon  as  you  find  the  worm  protruding 
from  the  subcutaneous  channel. 

1 1 .  Zoonotic  N«matod«s 

11-  1.  Parasite  infections  that  are  maintained  at 
more  or  less  stable  rates  in  wild  and  domestic  ani- 
mal populations  are  said  to  be  enzootic.  When  a 
human  is  infected  with  an  animal  parasite,  it  is 
known  as  a  zoonotic  infection.  They  are  only  inci- 
dental parasites  of  humans.  Some  have  limited 
geographical  distributions,  whereas  others  are 
quite  widespread.  The  possibility  that  military  op- 
erations may  extend  into  areas  where  personnel 
incur  a  greater  risk  of  exposure  to  zoonotic  infec- 
tions is  ever  present.  Furthermore,  the  military 
medical  service  is  often  called!  upon  to  provide 
medical  care  for  native  populations.  Your  knowl- 
edge of  these  parasites  and  the  various  tools  of  di- 
agnosis will  be  a  great  help  to  physicians  who  must 
diagno^L  and  treat  patients  with  zoonotic  infec- 
tions. I 

11-2.  In  1969,  Beaver*  established  four  cate- 
gories of  relationships  that  exist  among  various 
zoonotic  helminth  infections: 


*  Bearer.  P,  C.  1969.  Tht  Nature  of  Visceral  Larva  Migrans.  J. 
ParaiiL  55:3-12. 
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Figure  52.    Egg  of  CapiUaria  hcpatica.    k  ~ 

(1)  Category  I:  Humans  are  normal*  and  ade- r 
quate,  though  unnatural,  final  hosts. 

(2)  '  Category  II:  Humans  are  more  or  less  nor- 

mal, but  inadequate,  final Jiosts. 

(3)  Category  til:  Humans  are  more  or  less 
normal,  but  unnatural,  paratenic  hosts. 

(4)  Category  IV:  Humans  are  more  or  less 
normal,  but  unnatural,  ii\terme4iate  hosts. 

The  first  three  of  the  categories 'are  used  here  to 
organize  the  zoonotic  nematode  infections  Which 
make  up  this  section.  None  of  the  nematodes  dis- 
cussed in  this  section  fits  Category  IV,1  which  ap- 
plies mainly  to  larval  tapeworms.  , 

11-3.  Category  L  The  first  category  includes 
parasites  for  which  humans  are  normal  and  ade- 
quate, though  unnatural,  final  hosts.  The  nema- 
todes of  this  group  develop  and  behave  in  man  es- 
sentially as  they  do  in  their  natural  final  hosts. 
Some  of  the  nematodes  in  this  group  ark  very 
common  and  are  of  considerable  importance  in 
certain  localities.  CapiUaria  philippinensis  will  be 
discussed  in  this  section,  even  though  at  the  pres- 
ent time  it  is  not  known  if  it  is  a  zoonotic  infec- 
tion. It  was  only  recently  reported^  and  very  little 
is  known  of  its  life  history. 

11-4.  CapiUaria  philippinensis.  C.  philippinen- 
sis is  the  only  intestinal  capillariid  known  to  para- 
sitize man.  As  the  name  indicates,  this  parasite  .is 
found  in  the  Philippines.  Several  thousand  cases 
h^fte  been  reported  since  the  parasite  was  first  dis^ 
covered  in  1964.  All  cases  reported  to  date  have 
been  from  the  Philippines. 

1 1-5.  The  small  adult  worms  (less  thaq  5  mm. 
long)  are  found  imbedded  in  the  mucosa  near  the 
junction  of  the  large  and  small  intestines.  The  eggs 
are  very  similar  to  those  of  Trichuris  trichiura; 
therefore,  it  will  be  necessary  to  measure  the  eggs 
to  differentiate  the  two  parasites.  The  eggs  of  T. 
trichiura  measure  50  to  54  by  22.5  microns, 
whereas  those  of  C.  philippinensis  measure  about 
36  to  45  by  21  microns. 

Thus  far,  none  of  the  details  of  the  life 
cycle  of  C.  philippinensis  have  been  reported.  A 


large  percentage  of  the  people  infected  with,  this 
patasiw  have  very  sever*,  symptoms,  and  many 
deaths  have  been  attributed  to  infection  with  C. 
philippinensis.  Many  of  the  patients  have  been 
weak  and  very  emaciated  when  'first  seen  for 
treatment. '  Intractable  diarrhea  has  been  a  com- 
mon symptctm. 

11-7.  CapiUaria  hepatica.  C.  hepatica  is  3  tteln 
cate  thread-like  parasite  that  lives  in  the  parch- 
chyma  of  the  liver  of  mammals,  especially  rodents. 
The  female  worms  pass  eggs  directly  into  the  liver 
tissues,  causing  fibrosis.  As  the  worms  and  eggs 
accumulate  in  the  liver,  considerable  damage  re- 
sults. To  make  a  positive  diagnosis,  a  liver  biopsy 
must  be  performed  to  recover  the  worm  or  the 
typical  Vggs.  Morphologically  the  eggs  (fig.  52) 
are  similar  to  those  of  T.  trichiura.  They  measure 
51  to  61  by  30  to  35  microns,  which  is  slightly 
larger  than  those  of  T,  trichiura.  The  eggs  of  C. 
hepatica  are  more  barrel  shaped,  and  the  shells 
appear  velvety,  because  they  are  finely  pitted  with 
minute  pores.  You  may  occasionally  find  these 
eggs  in  the  feces  of  human  patients.  Do  not  con- 
fuse them  with  T.  trichiura.  The  presence  of  the 
eggs  in  feces  does  not  mean  that  the  patient  has  C. 
hepatica,  it  only  means  that  the  patient  has  re- 
cently eaten  infected  liver.,  The  eggs  of  C:  hepatica 
are  not  infective  until  they  have  undergone  sa  pe- 
riod of  embryonation  in  daijip,  shaded  sottJMam- 
mals  become  infected  when  they  ingest  infective 
eggs. 

11-8.  Ancylostoma  ceylanicum.  A.  ceylanicum 
is  a  hookworm  that  normally  parasitizes  dogs  and 
cats  in  Southeast  Asia  and  Brazil.,  In  some  areas,  it 
is  a  more  common  parasite  of  hujnans  than  the 
other  hookworms.  The  adult  parasites  are  about 
30  percent  smaller  than  A.  duddenale\  and  the 
buccal  cavity  and  bursa  are  characteristic  for  tfre 
species.  The  larval  stages  are  very  similar  to  those 
of  A.  duodenale,  and  the  gggs  *  are  *  indistin- 
guishable from  the  other  hookworm  eggs. 

,11-9.  Ternidens  deminutus.  The  natives  <rf 
Southern  Rhodesia,  Malawi,  and  Mozambique  are 
commonly  infected  with  T.  deminutus.  The  paras- 
ite resembles  a  hookworm;  but  the  buccal  capsule 
is  terminally  located,  and  the  buccal  cavity  is 
guarded  on  the  inside  by  a  double  row  of  stiff  bris-^ 
ties.  The  worms  attach  themselves  by  inserting* 
theit  heads  into  the  intestinal  wall.  Eggs  are  passed 
in  feces  and  hatch  in  the  soil.  After  a  period  of  de- 
velopment, the  larvae  become  infective.  Infection 
occurs  when  infective,  third  stagb  larvae  are  in-  . 
gested.  The  eggs  of  Ternidens  can  be  distinguished 
from  hookworm  eggs  only  because  they  are  larger. 
Ternidens  eggs  average  84  by  51  microns,  whereas 
hookworm  eggs  may  be  as  large  as  70  by  40  mi- 
crons. You  should  not  confuse  Ternidens  with 


-  hookworms,  because  the  usual  forms  of  hookworm 
treatment  are  only  moderately  effebtiye  against 
Ternidens.  » 

11-10.  Syngamus.  Members  of  the  genus  Syn- 
gamus  are  small  nematodes  that  live  in  the  respira- 
tory tract  of  birds  and  irismmals.  The  mtfles  and 
females  are  permanently  J&ined  together  for  mat- 
ing. Man  is  an  incidental  host  foryS.  laryngeus  and 
possibly  S.nasicola.  Human  infections  have  been 
reported  frbm  Puerto  Rico,  Brazil,  the  West  In- 
dies, and  the  Philippines.  The  adult  worms  irritate 
the  upper  respiratory  'tract,  causing^coughing, 
sneezing,  and  an  asthma-like  condition.  Diagnosis 
is  ifiade  by  finding  the  adult  worms  or  eggs  in  spu- 
tum or  feces.  The  eggs  are  ovoidal,  and  the  shell 
appears  to  be  m&de  up  of  a  large  number  of 
prisms  cemented  together.  Be  aware  of  these  par- 
asites, and  do  not  confuse  the  eggs  with  pollen 
grains  that  are  commonly  observed  in  sputum  and 
feces.    '  0 

11-11.  Trichostrongylus.  Members  of  the  gentis^ 
Trichostrongylus  £ie  typically  found  in  ruminants,*^ 
attached  to  the  i  small  intestine.  They  are  con- 
sidered incidental  parasites  of  mfen;  however,  T. 
orientalis  is  nulre  commonly  found  in  man,  than  in 
other  animals  in  Japan  and  Korea.  Tnchostrop- 
gyles  are  found  in  man  in  many  areas  of  the  world, 
including  Africa,  Iran,  Iraq,0  India,  Armenia,  Sibe- 
ria, Indonesia,  Japan,  Korea,  China,  Formosa, 
Australia,  and  (rarely)  the  United  States. 

ll-flJ2.  Eggs  are  passed  in  feces.  They  require 
moisture,  warm  temperature,  shade,  and  grass  or 
carpet  vegetation  for  proper  development.  Rhebdi- 
foid  larvae  hatch  in  the  grass,  and  after  a  period  of 
development  they  become  infective.  The  larvae 
cannot  infect  a  host  by  penetrating  the  skin;  they  v 
must  be  ingested?  Contaminated  green  vegetables 
are  the  main^source  of  infection.  The  larvae  bur- 
row into  th&  intestinal  wall,  and  a  few  days  later  < 
they  rVemerge  without  making  a  lung  migration. 
They  attach  themselves  by  inserting  the  anterior 
part  of  ftieir  body  into  tfye  intestinal  wall,  where 
they  remain  to  develop'  to  maturity.  Infections 
usually  consist  of  only,  a  few  worms,  but  heavy 
infections  can  occur.  The  usual  infections  cause  no 
symptoms,  ^ut  heavy  injections  cause  symptoms 
similar  to  hookworm  disease. 

11-13.  Diagnosis  is  based  on  finding  character- 
istic  eggs  in  stool  specimens.  These  eggs  are  also 
very  similar  to  those  of  hookworms.  They  are 
larger  than  hookworm  eggs,  and  they  are  more 
pointed  at  one  end.  To  confirm  the  diagnosis,  it  is 
necessary  to  measure  the  eggs.  Trichostrongylus 
eggs^nltasure  70  to  90  by  40  to  50  microns,  > 

'whereas  hookworm  eggs  measure  up  to  70  by  40 
microns.  You  can  cultivate  eggs  and  identify  the 
larvae.  The  first  and  second  stage  larvae  are  rhab- 
ditoid.  They  are  similar  to  the  rhabditoid  larvae  of 


hookworms,  but  they  can  be  readily  distinguished 
because  they  have  a  minute  bead-like  knob  at  the 
tip  of  the  tail  (fig.  45).  You  should  make  every 
effort  to  properly  identify  the  parasite  because  Tri- 
chostrongylus does  not  respond  to  the  usual  hook- 
worm treatments. 

11-14.  Thelazia.  Two  species  6f  the  genus  The- 
fazia  have  been  reported  from  the  conjunctival  sac 
of  many  Thelazia  callipaeda  has  been  reported 
from  several  oriental  countries.  Thelazia  califor- 
niensis  has  been  reported  from  the  western  states 
of  the  United  States.  These  parasites  normally  in- 
habit the  conjunctival  sac  of  dogs  and  other  mam* 
m^ls.  They  ^re  only  incidental  parasites  of  man. 
The  worms  measure  about-  4.5  mm.  by- 0.25  to 
0.85  mm.  Females  produce  clear,  thin  shelled,  em- 
f  bryonated  eggs  which  measure  57  by^5  microns. 
Certain  species  of  flies  serve  as  intermediate  hosts. 
The  worms  have  a  rough  cuticle  which  causes  con- 
siderable damagesto  the  tissues  of  the  eye  as  they 
crajvl  back  and  fonh  across  the  front  of  the  eye. 
Diagnosis  depends  upon  the  identification  6f  the 
worm  after  it  is  removed  from  tha  anesthetized 
eye. 

11-15.  Physaloptera.  Physaloptera  caucasica  is 
the  only  species  of  the  genus  Physaloptera  that  is 
kntiwn  to  parasitize  man.  It  is  a  natural  parasite  of 
the  intestinal  tract  of  somef  monkeys.  It  has  beetT- 
reported  from  man  in  the  Caucasus,  tropicat  Af- 
rica, Southern  Rhodesia,  India,  Panama,  apd  Co- 
lumbia. The  adults  are  found  attached  te^ne  walls 
of  the  espphagus,  stomach,  and  small  imestine.  If 
you  do  not  examine  them  earefully,  you  may  con- 
fuse them  with  Astdris.  The  eggs  have  thick, 
smooth  shells;  and  they  are  fully  embryonated 
when  passed  in  the  feces.  They  measure  44  to  65 
microns  by  32  to  45  microns.  Infertile  Physalop- 
tera eggs  resemble  fertile  decorticated  Ascaris 
eggs;  however,  fertile  Physaloptera  eggs  contain  'a 
fully  developed  larva,  whereas  the  eggs  of  Ascaris 
'never  contain  a  lkrva  when  passed  in  feces.  Exam- 
ine several  eggs  carefully  to  properly  differentiate  m 
the  two.  * 

11-16.  Dioctophyma  renale.  Dioctophyma, 
commonly  known  as  the  giant  kidney  worm,  is 
widely  distributed  throughout  the  world.  It  is  pri- 
marily a  parasite  of  fish-eating  carnivores,  but  it  is 
occasionally  found  in  horses,  cattle,  and  humans. 
Dioctophyma  adults  are  very  large,  reddish  nema- 
todes which  inhabit  and  destroy  the  parenchyma 
of  the  kidney.  Males  measure  from-4~S0  to  400 
mm.  long,  and  females  measure  up  to  1,000  mm. 
long.  Females  pass  eggs  that  are  unem bryonated, 
dirty  brown  in  color,  have  deep  pittings  in  the 
shell  except  at  the  poles,  and  measure  64  to 
68  microns  by  40  to  44  microns.  Diagnosis  is 
made  by  finding  typical  eggs  in  urine. 

3b;  : 


11-17.  Gohgylonema 
inhabits  the  mucosa  of 
nants.  It  has  also 
hogs,  monkeys, 
asitchas  been 
world  In  man 
mucosa  and  sul 
vicinity  of 


ant 


pulchrum.  G.  pulchrum 
the  esophagus  of  rumi- 
een  found  in  pigs,  bears,  hedge- 
1  occasiortally  in  man.  The  par- 
irted  from  most  areas  of  the  t 
worm  has  been  found  in  the 
dermal  (connective  tissues  in  the 
ath;  not  the  esophagus.  It  pro-  1 
duces  local  irritation  and  inflammation.  The  adult 
worms  are  threatf-fike,  and  the  females  are  larger 
than  we  males.  They  may  measure  up  to  145  mm, 
,  long.  The  females  lay  fully  embryonated  eggs  which 
are  transparent,  thickshelled/  broadly  ovoidal 
and  measure  50  to  70  microns  by  25  to  37 
microns.  Varous  species  of  dung  beetles  and  cock-„ 
roaches  serve  as  intermediate  hosts.  The  definitive 
host  is  infected  by  swallowing  an  infected*  insect. 

11-18.  Acanthocephala.  Acanthocephala  is  the 
phylum   commonly   known   as  thorny-headed 
worms.  They  are  not  nematodes,  but  they  are  in- 
cluded here  for  the  sgJce  of  convenien^pJTiey  are 
pa£aa$s  of  the  intestinal  tr^pt  of  vertebrffiv  They 
firmly  attach  themselves  to  the  intestinal  wall  by  a 
retractable  proboscis  that  is  covered  with  hooks. 
J"XThe  worms  are  not  segmented;  they  have  no  diges- 
tive tract  and  the  setfes  are  separate.  Species  of 
^his  phylum  require  an  intermediate  host  to 
complete  their  life  cycles.  Macracanthorhynchus 
hirUdinaceus,  normally  a  parasite  of 'pigs,  abd  h 
^Moniliformis  moniliformis,  normally  a  parasite  of  * 
rodents,,  are  the  or^ly  two  species  of  the  phylum  that  . 
Jiave  been*  repdfted  from mall:  Reports  of  these 
parasite^  in  man  have  been  very  rare. 

11-19:  Category  II.  fn  the  second -category,  * 
^.humans  are  more  or  less0  normal,  but  inadequate, 
final- hosts.  Some  nematodes  that  usually  infect 
other  animals  can  infect  Jiumans,  but*  they  do  not 
complete  their  normal  development.  The  parasites  * 
behave  and  develop  in  humans  just  as[  they  do  in 
natural  filial  hosts  until  certain  stages  are  reached. 
Most  of  these  parasites  are  stymied  in  iheir  devel- 
opment before  they  begin  to  deposit  reproductive 
products.  They  usually  lose  their  way  and  end  up 
in  abnorpial  sites  in  humans.  These  factors  make  it 
very  difficult  to  arrive  at  a  proper  diagnosis, 

11-20.,  Dirofilaria.  D.  immitis  is  the  heartworm 
of  dogs.  It  is  a  common/parasite  of  dogs  through- 
out most  of  the  trppical  and  subtropical  areas  of 
the  world.  D.  immitis  utilizes  mosquitoes  as  inter- 
-mediate  hosts.  The  parasite  has  occasionally  been 
found  encapsulated  in* the  lung«of  humajis.  They 
have  been  found  on  radiographic  examinations  as 
coin  lesions  which  required  surgery  to  fule  out  a 
malignancy.  Many  of  the  worms  have  been  found 
to  be  sexually  mature,  but  no  microfilari^of  D. 
immitismas  been  found  in  the  Wood  of.  humans. 
Skin  tests  and  complement-fixation  tests  em ploy: 


ing'  Dirofilaria  antigens  may  be  useful  in  cases 
where*  typical  coin  lesioils  are  discovered. 

11-21.  There  is  another  group  of  Dirofilaria 
that  af e  found  in  tumors  and  abscesses  in;  the  sub- 
cutaneous tissues  and  tissue*  of  the  eyes  of  hu- 
.mans.  They  have  been  reported  from  most  areas 
of  the  world.  The  worms  are  collectively  referred 
to  as  Dirofilaria  "conjunctivae."  As  with  D.  Immi- 
tis in  humans,  ;D.  "conjunctivae"  often  Teaches 
sexual  maturity;  however,  they  rargly  produce  mi- 
crofilariae, and  the  microfilariae  are  not  found  in  . 
the  blood  of  humans.  The  various  species  of  Diro- 
filaria that  cause  these  infections  in  man  are  nbr- 
-  mally  common  parasites  of  the  native  animals  of 
the  particular  area. 

»  Angiostrongflus  cantonensis.  A.  capto- 

nensis  is  normally  a  parasite  that  is  founci  in  the 
lungs  of  rats.  It  is  enzootic  in  most  areas  of  the  Pa- 
cific. Snails,  planarians,  shrimp,  and  many  other 
invertebrates  serve  as  intermediate  hosts.  The  in- 
termediate hosts^ingest  the  eggs  of  the  parasite  that 
are  passed  in  the  feces  of  the  rat.  Larvae  hatch 
from  the  eggs  and  develop  to  the  infective  stage  in 
the  intermediate  host.  Rats  eat  the  snails,  releasing 
the  larvao.  The,  larvae  make  a  peculiar  fSigratiori 
during  which  they  go  to'  the  brain  for  a  period  of* 
development  before  they  go  to  the,  lungs.  Humans 
become  infected  in  the  same 'manner  as  rats,,  buft 
the  worms  do  not  cortjplete  their  migration  to  t\\$/j 
lungs.  They  remain  in  the  brain  and  spinal  col-' 
,  umn,  causing  a  disease  known  as  eosinophilic 
meningitis.  The  worms  develop  to  the  aduW  stage 
in  qian,  but^they  do  not  reach  full  maturity.  Man 
is  frequently  infected  in  many  of  the  Pacific  is- 
lands, Vietnam,  and  Thailand.  Pfeople  who  are  in- 
fected have  very  severe  headaches  and  other  neu- 
rological symptoms.  The* spinal  fluid  is  usually 
loaded  with*  eosinophils.  Occasionally*  immature 
worms  are  also  recovered  from  the  spinal  fluid.o 
There  are  other  helminths  that  sometimes  cause  a 
similar  syndrome;  but  in  the  areas  where  A.  canto- 
nensis is  common  among  rats,  it  is^the  most  fre- 
quent cause  of  eosinophilic  meningitis  in  man.  A 
skin  test  utilizing  antigen  made  from  the  worrfr 
may  be  helpful  in  making  a  diagnosis. 

11-23.  Anisakis:  Amsakis  is  a  member  of  the 
Ascaris  group.  It  is  ndnnally  a  parasite  of  fish-eat- 
ing marine  mammals.  Little  is  known  of  the  life 
history  of  the  parasite,  but  it  is  thought  that  ma- 
rine cephalopods  serve  as  intermediate  hosts  and 
that  marine  fishes  ^erve  as  paratenic  hosts.  Man 
becomes  infected  by  eating  insufficiently  cooked 
marine  fish.  In  man  the  larvae  devejop  very  little, 
but  they  burrow  into  the  mucosa  of  the  stomach  or  4 
intestine.  Anisakis^  infections  are  usually  mistaken 
for  peptic  ulcers  or  malignant  tumors.  The  parasite 
is  most  commonly  reported  in  man  from  Japan.  It 
is  occasionally  reported  from  EuroRe.  You  can  ex- 
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pcct  to  encounter  Anisakis  in  any  area  where  un- 
cooked marine, fishes  are  eaten. 

1 1-24.  Lagocheilascaris.  Lagocheilascaris  minor 
te  normally  a  parasite  of  the  intestinal  tract 
of  the  cloudy  leopard  (feline).  It  has  been  re- 
ported to  inhabit  the  tissues  of  the  neck  near  the 
jaw,  the  nasal,  passages,  and  the  maxillary  sinuses 
of  man.  L.  minor  develops  to  maturity  in  man  and 
even  passes  eggs  which  closely  resemble  Toxocara 
eggs.  The  worms  are  usually  associated  with  a 
large  abscess.  You  can  recover  both  worms  and 
eggs  from  the  abscess  exudates.  The  life  cycle/fjf 
the  small  worms  (male  9  mm.  l<3hg;  female  IS 
mm.  long)  has  not  been  worked  out.  Human 
infections  have  been  reported~from  Tobago,  Trini- 
dad, and  Surinam.  , 

11-25.  Category  III.  In  this  type  of  infection, 
humans  are  more  or  less  normal,  but  unnatural, 
paratenic  hosts.  \  paratenic  host  is  a  special  type 
of  transport >  host  in  which  infective  stage  larvae 
persist  without  essential  development  and  usually 
without- growth.  Beaver  (1969)  has  proposed  the 
terirV  "pasatenesis"  to  describe  the  various  forms 
of  transport  involving  paratenic  hosts.  These  in- 
clude transport  through  a  series  of  paratenic  hosts; 
transport  through  one  or  a  series  of  paratenic  hosts 
towards  the  final  host;  and  transport  from  host  to 
host,  which  preserves  the  infective  larva  from  sea- 
soft  to  season  (transport"  across  time  as  well  as 
across £pace).      »  ,  , 

11-26.  Gnathostoma  spinigerum-  G.  spinigerum 
is  a  parasite  that  lives  in  tumors  within  the  walls  of 
the  stomachs  of  dogs,  cats,  and  certain  wild  carni- 
vores. The  parasite  is  found  in  animals  in  South- 
east Asia,  Japan,  China,  India,  Indonesia,  parts  of 
Europe,  and  Australia.  Most  human  cases  have 


been  reported  from  Thailand.  ^ 

Ilj27.  Copepods  serve  as  intermediate  hosts 
Coldblooded  vertebrates,  fish-eating  birds,  and 
mammals  other  than  final  hosts  serve  as  .paratenic 
hosts.  Final  hosts  become  infected  when  they  in- 
gest infected  copepods  or  infected  paratenic  hosts. 
^Paratenic  hosts,  including  man,  become  infected 
when  they  ingest  infected  copepods-  or  other  in- 
fected paratenic  tiosts.  The  larva  can  pass  through 
several  paratejnic  hosts,  before  it  reaches  a  final 
host.  In  paratenic  hosts,  the  parasite  remains  in  a 
larval  stage  and  becomes  encapsulated  in  muscle 
tissue  rafter  tnan  maturing  and  9  migrating  to  the 
stomacnwall. 

11-28.  The  migrating  larvae  produce  a  kind  of 
creeping  eruption  and  occasionally  cause  serious 
problems  by  jnyading  the  eye.  There  is  an  eosino- 
philia  associated  with  the  infection,  but  that  is  a 
common  finding  with  tissue-invading  nematodes. 
The  lame  must  be  removed  from  the  skin  for  you 
to  positively  identify  them.  They  measure  10  to  50 


«    Figure  53.    Larvae  of  Gnathostoma  spinigerum. 

mm.  by  1  to  2.5  mm*,  which  is  considerably  larger  , 
than  most  nematode'  larvae  that.dause  creeping  ; 
*  eruption.  The  most  distinctive  feature  is  a  large 
head  bulb  (fig.  5Vjl  that  ^al^ight  rirlts  of  hoolfep 
lets.  •  ^   $     ~  #* 

11-29.  Toxocara.  The  genus  Toxocara  includes 
ascarids  thaT  infect, does  and  cats.  They  are  widely 
distributed  over  most  ot  the  world.  Most  birds  and 
mammals,  including  man,  can  serve  as  paratenic 
hosts.  In  humans  such  infections  are  known  as 
Visceral  larva  migrans.  Young  children  about  1  to 
^4y,ars  of  age  are  most  frequently  infected^fhis  is 
to  be  expected,  since  they  put  everything,  includ- 
ing dirt*  in  their  mouths. 

1 1-30.  As  with  Ascaris  lumbricoides,  the  larvae 
migrate  through  the  intestine  and  into  the  other 
body  tissues;  but  instead  of  making  the  normal 
lung  passage  and  returning  to  the  intestine,  Toxo- 
cara larvae  continue  to  migrate  through  the  body 
and  concentrate  particularly  in  the  liver  in  humans. 


^JPhe  resulting  disease  may  be  very  mild,  with  an 
eosinophilia  of  20  to  80  percent  the  ronly  symptom 
noted.  Frequently  the  disease  is  severe  with  inter- 
mittent fever,  cough,  hepatomegaly,  and  hyper- 
globulinemia.  It  is  sometimes  fatal.  Specific  diag- 
nosis requires  identification  of  the  larvae,  which 
are  usually  found  in  liver  biopsies.  Skin  tests  and 
serological  procedures  have  shown  some  promise, 
but  as  yetxthey  are  not  reliable. 

11-31.  Ancylostoma.  Some  species  of  the  genus 
Ancylostoma  cause  the  disease  cutaneous  larva 
migrans.  The  infective  larvae  penetrate  the  skin 
and  migrate  arbund,  causing  a  an  intensely  itching 
creeping  eruption. 
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A  diagnpslsfof^jtaneous 
larva  migrans  is  usually  made  by  tlgggphysician  on* 
the  appearance  of  the  lesions. 
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Young  Trophozoites 

A  and  B — Young  ring  forms. 

C  and  0— Half-grown  trophozoites. 


Old  Trophozoite! 

fcV  F,  and  G — Trophozoites  with  nuclear 
chromatin  ready  to  subdivide 


HI.  Young  Schizonts 

H  and  I— Young  Schizonts  showing  first  di- 
vision of  nuclear  chromatin. 
J  and  K    Older  schizonts  showing  from 
tour  to   many  subdivisions  of.  nuclear 
chromatin. 


V 


^  Half-grown  Schizonts  ^ 
I,  M,  and  N  —  Schizonts  showing  seven, 
eight,  and  ten  guclear  subdivisions. 


V.  Mature  Schizonts 

O,  P,  ond  Q— Mature  schizonts  showing 
complete  subdivision  of  nuclear  chromatin 
and  clumping  of  malarial  pigment. 
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V'-  Gawtecytes  or  Sexual  Forms 

\  R  Male  gametocyte  or  microgatnefocyte. 
V     Note  diffuse  nuclear  chromatin. 

S  and  T— Female,  gametocyte  or  mocro- 
gametocyte.    Note  compact  chromatin. 


•  •        .  'Plasmodiom  Vivax 
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*  .  Plasmodium  Falciparum 


'•  Trophozoite  in  peflDf,.fo|  MnnA 

A — Young  ring  forms.  f 
B,  C,  ond  O— Young  trophozoite. 

form,m     "  '  inf'e,itfn$  °f  e-"»  ond  "P*** 


"'  Igp2^  "  S"" Eggg  ^  P.riph.rol 
F— Gomotocyte  folded  over. 

2Z^."0fl0mL•,0Cy,"  or  mqU  9«""«»dcyte. 
Not*  diffuso  ehromotin.  *  v 

HrFer°!.'  °r  mocr°0<""«tocyt..  Not. 
eompoct  ehromotin. 


,l,fc  !2S!S!»ion  Smeor-of  Sghgn 

'  piom#n*  **  *pUnic  pulp 

*—  Pigment  in  mocrophoge. 
C—  Holf-grown  schizont  in  cell. 
D— Porositized  red  cells. 
E — Lymphocytes. * 

1  • 


A—  Frtt  pigment  granules.  •     •  - 
B — Nucleated  red  cell. 
C—  Pigment  in  mocrophoge. 
D — Parasitized  red  cell. 
E — Eosinophil. 


Impressio^  Smear  of  groin 

A~  Copillory    blocked  with 

erythrocytes. 

fi— Gliol  cells. 

C— Trophozoite  in  red  cell. 

0 — Moturing  schizpnt. 
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VI.  Section  ofLjyer 

A-KUpffer  cells  with  pigment. 

Hpotic  cells. 
C—  Endomeliol  cell.  - 
D—  Free  red  blood  cells. 


FOLDOTJT -3  • '•'  •  m  m  m  m  Plasmodium  Malariae  3£$ 


I.  Young  Trophozoite 

A,  8,  ond  C — Progressively*  older  ring  forms. 
Bond  trophozoite. 


II.  Holf-grown  Trophozoite 
E — Ring  form. 

F  ond  G — Mature  trophozoites. 

NoU  amount  of  pigment;  compactness  of 

cytoplasm. 


III.  Young  Schizonts 
H— -Band  schizont.  . 

I  ond  J— Three-  ond  five -nucleated  schizonts. 
Note  large  amount  of  pigment.  , 


IV.  Holf-grown  Schizonts 

K,  I,  ond  M — Four-  to  six-nucleated  schi- 
zonts.   Note  amount  of  pigment. 


V.  Mature  Schizonts 

N,  O,  P,  ond  Q — Eight-  or  ten-nucleated 
schizonts  ready  to.  segment  ond  releatt 
merozoites.    Note  "daisy"  forms. 


VI.  Gametocytes  or  Sexuol  Forms 

R  and  S-^Male  gometocyfes  or  micro* 
gametocytes. 

V        T — Femoie  gometocyte  or  mocrogometo- 
cyte. 
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This  workbook  places  the  materials  you  need  where  yoy  need  them*  while  you 
are  studying.  In  it,' you  will  find  the  Study  Reference  Guide,  the  Chapter  Review 
Exercises  and  their  answers,  and  the  Volume  Review  Exercise.  You  can  easily 
compare  textual  References  with  chapter  exercise  items  without  flipping  pages 
back  and  forth  in  your  text  You  will  not  misplace  any  one  of  these  essential 
study  materials.  You  will  have  a  single  reference  pamphlet  in  the  proper  sequence  , 
for  learning. 

Theser  devices  in  your  workbook  are  autoinstruction^l  aids.  They  take  the 
place  of  the  teacher  who  would,  be  directing  your  progress  if.  you  were  in  a 
classroom.  The  workbook  puts  these  self -teachers  into  one  booklet  If  you  will 
follow  the  study  plan  £iven  in  "Your  Key  to  Career  Development,"  which  is  - 
in  your  course  packet,  you  will  be  leading  yourself  by  easily  learned  step?  to 
mastery  of  your  text.  s  4%  n 

If  you  have  any  questions,  which  you  cannot  answer  by  referring  to  "Your 
Key  to  Career  Development"  or  your  course,  material,,  use  ECI  Form  17,  "Student 
Request  for  Assistance,"  identify  yourself  and  your  inquiry  fully  and  send  ^ito 
ECI.  j     y  . 

Keep  the  rest  of  this  workbook  in  your  files.  Do  not  return  any  other  part 
of  it  to  ECI. 
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Study  Reference  Guide 

Chapter  Review  Exercises 

Answers  to  Chapter  Review  Exercises 
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STUDY  REFERENCE  GUIDE 


1.  Use  this  Guide  as  a  Study  Aid.  It  emphasizes  all  important  study  areas  of  this  volume. 

2.  Use  the  Guide  as  you  complete  (he  Volume  Review  Exercise  and  for  Review  after  Feedback  on 
the  Results.  After  each  item  number  on  your  VRE  is  a  three  digit  number  in  parenthesis.  That 
number  corresponds  to  the  Guide  Number  in  this  Study  Reference  Guide  which  shows  you  where 
the  answer  to  that  VRE  item  can  be  found  in  the  text.  When  answering  the  items  in  your 
VRE,  refer  to  the  areas  in  the  text  indicated  by  these  Guide  Numbers.  The  VRE  rfsults  will  be 
sent  to  you  on  a.  postcard  which,  will  list  the  actual  VRE  items  you  missed.  Godb  your  VRE 
booklet  and  locate  the\Guide  Number  tar  each  item  missed.  List  these  Guide  Numbers.  Then  go 
back  tq  your  textbook  and  carefully  rJview  the  areas  covered  by  these  GuidrNumbers.  Review 
the  entire  VRE  again  before  you  take  the  closed-book  Course  Examination. 

3.  Use  the  Guide  for  Follow-up  after  you  complete  the  Course  Examination.  The  CE  results  will 
be  sent  to  you  on  a  postcard,  which  will  indicate '"Satisfactory"  or  "Unsatisfactory"  completion. 
The  card  will  list-  Guide  Numbers  relating  to  the  questions  missed.  Locate  these  numbers  in  the 
Guide  and  draw  a  fine  under  the  Guide  Number,  topic,  and  reference.  Review  these  areas  to 
insure  your  mastery  of  the  course.  . 


Guide 
Number 


Guide  Numbers  300  through  309 


Guidt  f 
Number 


1 


300*      Introduction  to  Medical  Parasitology,  pages 

301  Introduction  to  Protozoa  Infecting  Man; 
Flagellates,  pages  6-13 

\  • 

302  Amebae,  pages  13-17  v 

303  T     Sporozoa;Ciliates,  pages  17-24 

304  Introduction  to  Platyhelminthes  Infecting 
Man;  Trematodes  (Flukes):  Schistosomes 
(Blood  Flukes),  pages  25-30  >  * 


305  Trematodes  (Fluke*):  Liver  Flukes;  In- 
testinal Flukes;  Lung  Fluke  (Paragonimus 
wfcstermani),  pages  30-34 

306  Cestpdes  (Tapeworms),  pages  34-39 

307  Introduction  to  Nematodes  Infecting  Man; 
Intestinal  Nematodes,  pages  40-48 

308  Filariae  and  Dr  icuiiculus,  pages  48-52 

309  Zoonotic  Nematodes,  pages  52-57 
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CHAPTER  REVIEW  EXERCISES 


The  following  exercises  are  study  aids.  Write  your  answers  in  pencil  in  the  space  provided  after  each 
exercise.  Immediately  after  completing  each  set  of  exercises,  check  your  response  againsr  the  answers  for  that 
set  Do  not  submit  your  answers  to  E&for  grading. 

CHAPTER  1 
j 

Objective:  To  demonstrate  a  knowledge  of  the  historical  data  pertaining  to  parasitic  infections  of  nun,  the 
development  of  laboratory  methods  for  the identification  of  parasites,  classification  of  parasites,  host-parasitic 
relationships,  and  the  ill  effects  that  parasitic  infections  have  on  man. 


1.    How  long  has  man  been  subject  to  animal  parasites?  (Iiltro.-l) 


2.    In  what  country  does  the  highest  incidence  of  porkworm  (Trichinella  spiralis)  occur?  (lntro.-2) 

; 


3.    What  three  factors  are  required  for  increasing  an  individual's  ability  and  skill  in  finding  and  identifying 
human  parasites?  (Intro.-3)  '  * 


4.    What  discovery  late  in  the  17th  century  began  a  new  era  in  parasitology?  (!  -2) 


5.    Which  insect  serves  as  an  intermediate  host  for  the  human  malaria  parasite?  (1-2) 


6.    Plasmodium  falcipahum,  which  has  developed  an  even  greater  resistance  to  the  prophylactic  drugs 
.  routinely  used,  is  a  strain  of  what  parasitic  disease?  (1-5) 


7.    The  examination  of  what  type  of  specimen  provides  the  major  workload  in  a  parasitology  laboratory? 
(1-8)  <  . 


8.    Name  three  of  the  phyla  which  are  associated  with  the  parasites  of  medical  importance.  (MO;  Table  1) 


9.    What  kind  of  scientists  are  more  pf6perly  involved  when  ectoparasites  must  be  identified?  (2-3) 


1 0.    What  type  of  parasite  infects  humans  with  malaria?  (2-2, 4)  * 


1 1     Within  what  type  of  hosts  are  parasites  capable  of  reproducing  their  own  kind?  (2-6) 


1 2.    A  hog  which  is  harboring  the  organism  Trichinella  spiralis  serves  as  what  type  of  host?  (2-10) 


1 3.    What  function  is  performed  by  vectors  of  parasites?  (2-11) 


14.    What  term  is  applied  to  the  close  association  of  two  organisms  of  which  parasitism  is  one  aspect?  (2-1 2) 


S 


r 
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1 5.    List  three  ways  in  which  parasite  damage  can  be  manifested  in  a  host,  (2-14) 


16.    What  response  by  a  human  host  may  be  caused  by  helminth  (worm)  invasion  of  the  body's  tissue?  (2-17) 


17.    Name  three  modes  of  transmission  by  which  parasites  may  gain  access  to  the  human  body.  (2-21) 


1 8.    What  step  in  food  preparation,  if  done  inadequately;  allows  the  food  to  become  an  unnecessary  source 
of  parasitic  infection?  (2:24) 


\ 


CHAPTER  2  -  ; 

Objective:  To  demonstrate  a  knowledge  of  the  major  areas  of  geographical  distribution,  distinctive  morphological 
features,  methods  of  human  invasion,  possible  pathological  effects  on  man,  and  important  aspects  of  laboratory 

identification  for  23  protozoan  parasites. 

1 .    The  life  cycle  of  Leishmania  may  be  divided  into  two  stages.  In  one  stage  the  parasite  is  called  a  leishmania- 
form  organism.  In  what  host  does  this  stage  of  the  parasite  exist?  (3-2)  ^ 


2.    In  a  second  stage  of  the  life  cycle  of  Leishmania*  the  parasite  is  known  as  a  flagellated  leptomonis-form 
organism.  In  what  insect  vectof  does  this  stage  of  the  parasite  develop?  (3-2) 


4u-j 
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3.    If  a  technician  prepares  slide  smears  from  a  patient's  peripheral  Mood  to  search  for  Leishmania  tropica 
parasites,  what  would  be  the  value  of  the  laboratory  examination?  (3-8) 


^.    As  the  disease  known  as  Hbundia  (caused  by!  the  leishmania  braziliensif  parasites)  advances,  in  what  4 
mucous  membranes  of  mantlo  the  parasites  localize?  (3-9) 


5.    In  what  geographical  areas  is  the  disease  caused  by  the  parasite  Leishmania  braziiiensis  found?  (3«^)> 


The  disease  mucocutaneous  leishmaniasis  (or  Espundia),  in  its  advanced  stages,  may  destroy  certain  areas 
adjacent  to  the  face.  Name  two  areas  which  may  be  destroyed.  (3-10) 


7.    List  three  laboratory  procedures  which  may  be  used  to  assist  in  the  identification  of  Leishmania 
parasites.  (3-11)  ' 


8.    On  the  continent  of  Africa  there  exists  a  disease  commonly  known  as  African  or  Rhodtsian  sleeping 
sickness.  Which  of  the  Trypanosoma  parasites  causes  the  disease?  (3-1 2) 


9.    When  performing  laboratory  diagnosis  of  Trypanosoma  rhodesiense,  ewe  procedure  involves  preparation 
I  of  a  body  fluid  by  centrifugation.  What  particular  iody  fluid  is  centrifuged?  (3-16) 

4t  { 


9 

ERIC 


4ui 


10.    Infection  with  Gambian  disease  appears  milder  than  with  the  fchodesian  type,  and  symptoms  include 
fever  and  headache  recurring  irregularly.  Usually,  would  you  consider  Gambian  disease  to  be  a  chronic 

or  acute  infection?  (3*19)  *  '  *% 


3?\ 


1 1 .    What  condition  develops  in  patients  who  survive  the  acute  phase  of  Chagas'  disease?  (3-23) 


1 2.    When  making  a  laboratory  examination  of  a  fecal  specimen  from  a  patient  with  severe  diarrhea,  what  is 
the  predominant  form  of  Giardia  lamblia  that  you  could  expect  to  fin£?  (3-27) 


1 3.    What  is  the  most  characteristic!  morphological  structurptrf  Chilomastix  mesnilll  (3-3 1 ) 


4.    Does  the  Chilomastix  mesniti  parasite  cause  any  symptoms  or  illness  in  man?  (3*32) 


15.    Give  the  approximate  length  and  shape  of  the  parasite  found  most  often  in  the  intestinal  tract  of  man. 

(3-33,  35)  *  • 


1 6.    In  an  examination  of  vaginal  specimens  in  femfles  for  Trichomonas  vaginalis ,  one  might  possibly  find  a 
second  species  of  Trichomonas  dut  to  possible  contamination  with  feces.  Name  this  species.  (3-41) 


1 1 
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1 ft.    Ip  what  part  of  the  body  would  Trichomonas  tenax  be  found  if  it  should  be  present  in  man?  (3-42) 


1 8.    Trichomonas  hominis  and  Trichomonas  vaginalis,  when  stained  with  hematoxylin,  show  a  distinct 
differentiation  from  each  other  in  their  undulating  membranes.  How  do  the  ihembranes  differ?  (3*48) 


1 9 .    Which  one  of  the  Entamoeba  parasites  is  the  most  pathogenic  for  man?  (4-3) 

/ 


20.    One  species  of  Entamoeba  has  a  nucleus  which  is  nearly  perfectly  circular.  This  circular  nucleus  is  one 
important  feature  for  identification  of  the  species.  Name  the  specific  Entamoeba.  (4-4) 


I 

Zl .    What  are  the  diagnostic  characteristics  that  may  usually  be  observed  in  the  mature  four -nucleate 
Entamoeba  histolytica  cyst?  (4-6) 


22.    Which  species  of  intestinal'  ameW  is  the  largest?  (4- 1 0)1 


23.    Name  the  Entamoeba  which  has  the  following  features ^In  stained  preparations,  the  nucleus  is  very 

prominent,  and  on  the  inner  periphery  of  the  nuclear  membranes  the  chromatin  material  is  arranged  in 
irregular  masses.  (4-1 1) 


/ 


\ 
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grtomi  and  diseases  ate  produced  by  Entamoeba  coin  (4-1 5) 


25.    Laboratory  semination  of  a  tartar  scraping  specimen  reveals  the  presence  of  Entamoeba  gingival.  What 
can  be  assumed concerning  the  condition  of  the  person  from  whom  the  specimen  was  taken?  (4-17, 18) 


26.   What  are  the  imp0rta%  points  by  which  you  can  recognize  Endolimmx  nana  trophozoites  in  stained 
preparations?  (4-20) 


27.    Which  species  of  amoeba  quickly  ruptures  and  disintegrates  when,  in  contact  with  Up  water?  (4-24) 


28.   Which  intestinal  amoeba  of  man  haia  single  nucleus  which  persists  throughout  both  the  trophozoite 
and  cystic  stages  sfits  life  cycle?  (4-25|\ 


29.    Is  the  life  cycle  ohporozoans  sexuil,  mxuiitor  both? 


1*  - 
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30.   A  fresh  fecal  specimen  is  taken  from  a  person  infected  with  Itospon  beUkUoi/  would  the  immature 


oocyst  be  recognized?  (5-7) 
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1 . .  How  would  you  recognize  the  Toxoplasma  gondii  organism  when  it  is  stained  with  Giesma?  (5-10) 


3 


32.    Wh^ul^ase-bearing  parasites  which  can  infect  man  are  of  the  genus  Plasmodium?  (5-1 S) 


33.    Does  the  asexual  cycle  of  the  malarial  parasite  take  place  in  man  or  in  the  mosquito?  (5-18) 


34.    In  which  organ  of  man  does  the  merozoite  stage  of  the  malarial  parasite  develop?  (5-20) 


35.    During  the  reproductive  cycle  of  the  malarial  parasite,  what  kind  of  daughters  are  developed  by  the 
schiz'onts?  (5-20) 

-   .  i.  *  * 


36.    In  what  type  of  human  blood  cell  does  the  trophozoite  stage  of  the  malarial  parasite  develop?  (5-21 ) 


37.    List  four  species  of  malarial  parasites  which  can  infect  man.  (5-25) 


1 1-  '4y£» 


38.    Which  species  oT  malarial  parasite  is  considered  to  be  most  widely  distributed  throughout  the  world? 
(5-26)  v 


39.    Which  Plasmodium  causes  a  disease  which  is  sometimes  called-  "tertian  malaria,"  a  term  which  refers  to 
48-hour  period  required  for  the  schizont  development  of  the  parasite  to  be  completed?  (5-26) 


40.    Of  which  Plasmodium  species  is  the  mature  schizont  or^egimenter  stage  called  "rosette'for  "daisy" 
form?  (5-32) 


41 .    What  types  of  smears  should  you  use  in  searching  for  malarial  parasites  on  stained  peripheral  blood 
smears?  (5-37)  ^  » 

r 


42.    To  stain  peripheral  blood  smears  for  malarial  parasites,  should  you  use  Wright's  stain,  Giemsa's  staiji, 
or  both?  (5-37),  - 


43.    What  function  is  performed  by  the  hair-like  cilia  ofjciliated  protozoa?  (6-1) 


44.    In  comparison  with  other  protozoans  which  may  infect  man,  what  is  the  relative  size  of  Balantidium 
com  (6-2) 
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45.    y^^ytaptoms  or  Alness  can  be  caused  by  Balantidium  coin  (6-6) 


CHAPTER  3 


Objective:  to  demonstrate  a  knowledge  of  the  major  areas  of  geographical  distribution,  distinctive  morphological 
features,  method  of  human  invasion,  possible  pathological  effects  on  man,  and  important  aspects  of  laboratory 
identification  for  17  flatworm  parasites. 

1 .    Which  part  of  a'  tree  or  plant  wj>ald  you  consider  the  trematode,  or  fluke,  to  resemble?  (Intro.-l )  ^       .  * 


2,    Jape^|rrnsMevelop  into  proglottids.  How  could  proglottids  best  be  described?  (Intro.-l )  ^ 


3.    Why  are  flotation  techniques  unacceptable  for  detecting  the  eggs  of  Platyhelminthes?  (Intro.-4) 


4.    What  naines  are  given  the  trematodes  that  live  in  man's  bloodstream?  (7-2) 


•  V,;.  •  ..  i  .    A     , ... 

5.    What  is  the  most  prominent  feature  which  helps  to  identify  the  "Schistosoma  mansoni  egg,  an^hett  on 
the  egg  is'thirfeature  located?  (7-6) 


6.    In  a  specimen  of  what  kind  of  material  would  you  expect  to  find  the  characteristic  eggs  of  Schistosoma 


7.  What  is  the  comparative  size  of  adult  male  and  female  Schistosoma  japonicum  parasites?  (7-1 1) 

* 

8.  Which  species  of  Schistosomes  causes  schistosome  hematuria?  (7-15)  .  ° 


9    J?^88  °f  S^tUstosoma  ^miobium  has  a  blunt-poLed  spine.  Where  is  this  spine  located  on  the  i 
(7-18)  /  o  ^ 


10.'  -With  recent  infections  caused  hy  the  Schistosoma  haematobium  parasite,  what  is  the  most  frequent 
symptom  noted?  (7-1 9)    •  H 


4 
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1.1 .  laboratory  technicians  usually  search  for  adult  eggs  in  stool  specimens  pf  man  to  find  most  intestinal 
.parasites  in  suspected  cases.  However,  in  case  of  a  suspected  infection  with  Schistosoma  haematobium 
what  additional  body  specimen  should  be  examined?  (7-20) 


1 2.    How  can  you  concentrate  the  eggs  of  S.  haematobium  &uiine  specimens  collected  from  suspected 
cases  of  persons  who  may  harbor  the  vesical  blood  flukeW7-20)  ';'••» 


13.    Name  the  fluke  which  often  causes  an  infection  in  man  and  is  found  mainly  in  sheep-raising  countries. 


14.    Man  is  a  definitivt  host  for  the  Faxiola  hepatica  species  when  infected  with  this  pujuite.  What  crustaceans 
are  intermediate  hosts  for  this  species?  (7-23)  ^ 


1 S .    What  kind  of  specimen  will  you  need  if  you  have  to  positively  differentiate  the  eggs  of  Fasdola  hepatica 
from  those  of  Fasciolopsis  buski?  (7-26)  ,  , 


16.    in  parts  of  China,  Indochina,  Japan,  and  Formosa,  a  certain  fluke  is  considered  the  most  important  liver 
fluke  in  man .  Name  the  fluke .  (7-30) 

/ 


1 7.    What  parasite,  in  very  heavy  infections,  may  produce  fibrous  tissue  in  the  bile  ducts  that  can  result  in 
cirrhosis  of  the  liver?  (7-33) 


18.    An  egg  specimen  (taken  from  a  person  in  northeastern  Thailand)  which  is  slightly  smaller  but  similar  to 
Qonorchis  is  very  likely  from  which  parasite?  (7-36) 


1 9 .    What  species  is  sometimes  called  the  giant  intestinal  fluke?  (7-39) 


20.    List  the  approximate  measurements  of  the  species  you  selected  in  exercise  1 1.  (7-40) 


21 .    How  do  human  infections  occur  in  the  transfer  of  the  spectes  you  selected  in  exercise  1 1  ?  (7-41 ) 


22.    For  which  parasite  do  snails  of  the  Genus  Pironella  serve  as  first  intermediate  hosts?  (744) 

/   ■  ■ 


23.    How  do  humans  usually  become  infected  with  the  Metagonimusyokogawai  species?  (7-49) 


24.    What  is  the  name  of  the  only  lung  fluke  that  infects  man?  (7-53) 


25.    Describe  the  shell  of '  Paragonimus  westermani  eggs.  (7-57) 

*  -  -> 

A 


26.    By  what  means  is  the  tapeworm  attached  to  the  intestinal  wall  of  its  host?  (8-1) 


2?.    Most  parasitic  tapeworms  are  provided  with  a  cup-like  sucker  at  each  of  four  angles,  and  some  species 
have  an  anterior  hook-bearing  portion.  What  name  is  given  to  this  hook-bearing  portion?  (8-2) 


*y&tenia?  (8-3) 

■   '■       4lj  ' 
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29. yWhat  is  the  long  name  of  the  tapeworm  which  infects  man  and  is  commonly  called  the  fish  or  broad 
y  /  tapeviorml  (8-6) 


\ 


30.    What  is  the  length  of  the  fish  or  broad  tapeworm?  (8-6) 


v. 

31.    In  both  the  mature  and  gravid  proglottids  of  Diphyllobothrium  latum,  what  arc  two  principal  diag- 
nostic features  that  are  centrally  situated?  (8-8) 


i 

32.    Which  is  the  largest  of  the  tapeworms  that  infest  man?  (8-10) 


33.    in  what  animal  meat  would  one  expect  to  find  the  T.  saginata  species?  (8-10) 

/ 


34.    What  is  the  definitive  host  for  the  T.  saginata  parasites?  (8-11) 

t> 


35.    Does  T.  saginata  have  either  a  rostellum  or  attachment  hooks?  (8-12), 
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36.    How  many  lateral  branches  of  the  uterus  may  be  found  In  a  gravid  proglottid  of  T.  ugUuu?  (8-1 2) 


X  k. 


37.    What  is  the  importance  of  the,  size  of  T.  saginata  in  relation  to  the  pathology  it  can  cause?  (8-1 3) 


38.    How  can  the  laboratory  technician  distinguish  between  T.saginata  and  T.  solium  parasites  if  he  has  one 
more  mature  gravid  proglottids  from  each  of  the  two  species?  (8-1 4) 


39.    If  the  eggs  of  both  T.  saginata  and  T.  solium  are  in  a  specimen  for  microscopic  examination,  what 
descnption  would  be  used  to  report  the  presence  of  each  species?  (8-14)  » 


40.    How  can  the  proglottids  of  the  Taenia  tapeworms  be  most  easily  observed?  (8-1 4) 


V 

41.    If  the  pint*.  rcenfc  solium  baa  been  acquired,  what  animal  meat  must  have  been  consumed  by  the 
patient?  (8-15)  u  ' 


42.  Can  the  hog  ingest  the  proglottids  and  ova  of  Taenia  solium  which  have  been  excreted^  the  feces  of  a 
^     patient  who  has  become  infected?  (8-1 6) 


4] 


) 


16 


43.    What  disease  is  caused  by  ingestion  of  infective  cysticercus  larva?  (8-16) 


44.    The  head  of  the  adult  Taenia  solium  possesses  a  prominent  rounded  rostellum:  With  what  arrangement 
of  hook?  is  the  rostellum  armed?  (8- 1 7) 


\ 

45.    What  is  the  relation  of  the  width  to  the  length  of  proglottids  of  T.  solium?  (8-17) 


46.    What  is  the  maximum  number  of  uterine  branches  possessed  by  T.solium  in  its  gravid  proglottids?  (8-17) 

V 


47.    What  symptoms  can  T.  solium  adults  in  the  small  intestine  of  man  cause?  (8-18) 


48.    In  respect  to  size,  how  would  you  consider  Hymenolepsis  nam  to  be  classified? (8- 19) 


9  • 

49.    Which  of  the  tapeworms  found  in  America  is  the  most  common?  (8-19) 


17 
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-50/  What  is  the  usual  length  of  America's  most  common  tapeworm?  (8-1 9) 


5 1 .    Name  the  definitive  hosts  for  the  Hymenoiepsis  nl^aspecies.  (8-1 9) 


5Z 

t 


54.    How  can  the  laboratory  technician  differentiate  between  H-dtmlmua  and  « 


wmr  cgg$?  (8-25) 


7 

55.    Why  can  the  life  cycle  of  Hymenoiepsis diminuta  not  be  completed  in  man?  (8-26) 


56.    The  species  DlpyMtum  lantam  is  a  common  parasite  of  what  two  animals?  (8-28) 


11  i 
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57.    Why  arc  children  most  often  infected  with  £>.  caninum  parasite?  (8-28) 


58.    With  respect  to  length  and  number  of  proglottids,  how  do  D.  caninum  and  H.  diminuta  comptre?  (8-29) 


59.    What  is  the  distinctive  feature  of  the  gravid  proglottids  of  A  caninum?  (8-29) 


60.    How  much  further  development  occurs  when  D.  caninum  eggs  have  been  expelled  by  a  cat  or  dog  host? 

(8-30) 


CHAPTER  4 

1 .    What  phylum  includes  the  most  common  parasites  of  man?  (Intro.-2) 


2.    On  the  basis  of  their  habitat  in  the  body,  what  are  the  two  general  kinds  of  nematodes?  (Intro.-4) 


3.    Which  intestinal  nematode  has  an  intermediate  host  in  its  life  cycle?  (9-1) 
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4.    What  Enterobius  vermicularis  egg  characteristic  allows, them  to  attach  readily  to  a  person's  clothing  and 
perianal  skin?  (9-4)  ^  °  „ 


5    (9°7)  *°^d      C0UCCt  3  5peCimCn  °f  Enterobius  vermieularis  eggs  for  making  laboratoiy  diagnosis? 


S:    What  color  and  shape  are  Trichuris  trichiura  (whipworm)  eggs?  (9-10) 


r.    Why  may  Ascaris  lumbricoides  remain  viable  in  soil  for  months  or  even  years?  (9-1 3) 


How  do  Ascaris  lumbricoides  eggs  differ  from  hookworm  eggs?  (9-15) 


Of  the  two  species  of  hookworms  of  major  importance  to  man,  which  is  more  likely  to  be  found  in  the 
United  States?  (9-18) 


How  does  the  infective  stage  filariform  larvae  of  Necator  qwericanus  infect  the  hjpan  host?  (9-20) 

4  Jr. 


11. 


If  hookworm  eggs  undetected  when  you  are  performing  a  routine  fecal  examination  using  the  zinc- 
sulfate  centrifugal  flotation  method,  what  is  the  least  number  of  egg-producing  worms  that  may  be  in« 
fecting  the  pptient?  (9J22) 


1 2.    What  is  the  sex  of  Strongyloses  stercoral!*  in  the  parasitic  stage?  (9-26) 


1 3 .    List  two  ways  that  you  can 
hookworms.  ($-29) 


> 

fferentiate  the  rhabditoid  larvae  of  Sbvngyloides  stercoralis  from  those  of  * 


14.    The  physician  has  a  patient  who  ate  some  raw  sausage  yesterday.  Today  the  patient  is  experiencing 
bloody  diarrhea  and  other  abdominal  symptoms.  You  are  able  to  find  many  Trichinella  spiralis  larvae  in 
some  of  the  leftover  sausage/,  but  you  cannot  find  any  larvae  in  a  muscle  biopay  specimen  from  the  patient. 

Why?  (9-32)     3  ^ 


1 5.    What  two  agglutination  procedures  are  available  and  considered  to  be  sensitive  and  adequately  specific 
for  Trichinella  spiralis  when  the  tests  are  performed  on  4cute  and  convalescent  serum?  (9-34) 


16.    Where  do  microfilariae  develop  into  infective  third  stage  filariform  larvae?  (10-2) 


1 7.    How  do  the  microfilariae  of  certain  strains  of  Wuchereria  bancrofti  demonstrate  nocturnal  periodicity? 
(10-4)  t 
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1 8.   When  usK^the  Knott  technique  of  concentration  to  detect  miciofilariae,  what  is  used  to  dilute  2  cc  of 
~  venous  blood?  (10-7)  *  ' 


I 

,    19-    How  can  the  microfilariae  of  Brugia  malayi  and  Wuchereria  bancrofti  be  differentiated?  (10-9) 


20.    When  do  the  microfilariae  of  Loa  loa  appear  in  the  peripheral  circulation?  (10-11) 


21 .    How  do  black  flies  obtain  microfilariae  of  Onchocerca  volvulus  when  they  take  a  blood  meal?  (10-13) 


22.    If  Dipetalonema  perstans  is  considered  to  be  harmless,  why  '/s  it  necessary  that  you  be  able  to  recognize 
the  microfilariae  of  this  species?  (10-16) 


23.    How  must  skin  snips  be  made  if  the  microfilariae  of  Dipetalonema  streptocerca  are  most  likely  to  be 
detected?  (10-1 7) 


24.    If  a  patient  is  suspected  of  being  infected  by  Mansonella  ozzardi,  how  can  microfilariae  be  recovered  for 
laboratory  examination?  (10-1 8) 
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25/  What  is  the  comparative  size  of  the  adult  female  Dracunculus  medinensis  and  the  filarial  worms?  (10-20) 


26.    If  a  patient  has  blisters  on  the  skin  that  are  susprtted  to  be  caused  by  Dracunculus  medinensis,  how  can 
the  larvae  be  demonstrated?  (1Q-24)  \ 


27.    When  aviuman  is  infected  with  an  animal  parasite,  what  is  ihe  resulting^infection  called?  (1 1-1 ) 


s^8.    What  is  the  name  of  the  only  intestinal  capillariid  known  to  parasitize  man?  (11-4) 


29.    To  make  a  positive  diagnosis  of  Capillana  hepatica,  a  biopsy  of  what  kind  of  tissue  must  be  made?  (1 1  -7) 


30.    In  what  stage  can  Ancylostoma  ceylonicum  be  differentiated  from  Ancylostlma  duodenale?  (11-8) 


31.    List  two  features  of  Temidens  deminittw  which  distinguish  it  from  a  hookworm.  (1 1-9) 
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32.   When  examining  iputum  and  feces  ipecimens,  what  may  be  mistaken  as  Syngtmus  Ivy tutus  ens? 

(1M0) 


33.   What  would  you  do  to  differentiate  hookworm  eggs  from  eggs  of  Trichottrongyhts  orientate?  (1 1-13) 

}        \  ' 


34.    How  can  you  diagnose  an  infection  caused  by  Thelazia  calif omicmu?  (  \ 1-14) 


35.   When  examining  a  feces  specimen,  you  may  confuse  Physalopten  caucasica  eggs  with  what  other  kind 
of  eggs?  (11-15)       *  v 


36.   What  kind  of  laboratory  specimen  may  be  found  to  contain  giant  kidney  worm  eggs?  ( 1 1-1.6) 


37.    What  portion  of  man's  anatomy  may  be  infected  by  Gongylonema  pulchrum?  (11-17) 


•  \ 

38.   To  what  phylum  of  parasites  do  the  thorny-headed  worms  belong?  (11-18) 


42>j 
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39.   Whcn.coin1f4)i|are  discovered  on  radiographicexaminations  of  the  human  lung,  what  parasite  in-  f 
fection  ma^  be;siispected?  (1 1-20) 


l 


40.    How  does  the  rat  lung  worm  (Angiostrongylus  cantonensis)  produce  the  disease  eosinophilic  meningitis  in 
man?  (11-22)  V 


41 .    What  parasite  burrows  into  the  mucosa  bf  the  stomach  of  "intestine  and  causes  in  infection  that  may  be 
mistaken  for  peptic  ulcers  or  malignant  ttimors?  (1 1  -23) 


42.    What  parasite  may  develop  to  maturity  in  the  tissues  of  the  neck  near  the  jaw,  the  nasal  passage,and  the 
maxillary  sinuses  of  man ,  and  passes  eggs  which  resemble  those  of  Toxocara?  ( 1 1  -24) 


43.    What  relation  exists  between  a  paratenic  host  and  the  larvae  of  a  parasite?  (1 1-25)' . 


44.    What  is  the  most  distinctive  feature  of  Gnathostomkspinigemm  found  in  man?  (1 1-28) 


45.    Larva  of  what  genus  ma)  frequently  cause  an  infection  in  you^g  children  that  is  known  ^^sceral 
larva  migrans?  (11-29)  , 
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46.   What  disease  characterized  by  an  itching,  creeping  skin  ejiption  is  caused  by  some  species  of  Ancyhstoma? 


4 
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ANSWERS  FOR  CHAPTER  REVIEW  EXERCISES 
CHAPTER  If  c 


1.  From  the  earliest  recorded  history,  man  has  been  subject  to  animal  parasites.  (Intro.-l) 

2.  The  highest  incidence  of  pork  worm  (Trichinella  spiralis)  occurs  in  the  United  States.  (lntro.-2) 

3.  Three  factors  required  fo^increasing  an  individual's  ability  and  skill  in  finding  and  identifying  human 
parasites  are: 

a.  Individual  initiative. 

b.  Technical  knowledge.  ^ 

c.  Experience.  * 
(Intro.-3) 

4.  The  discovery  of  the  microscope  tate  in  the  1 7th  century  began  a  new  era  in  parasitology.  ( 1  -2) 

5.  The  mosquitq  serves  as  an  intermediate  host  for  the  human  malaria  parasite.  (1-2) 


6.  Malaria.  (1-5) 

7.  The  examination  of  fecal  specimens  provides  the  major  work^>ad  in  a  parasitology  section.  (1-8)  * 

8.  Protozoa,  Platyheliqinthes,  Nematoda,Acanthocephala,Annelida,  and  Arthropoda.  (1-10;  Table  1) 

9.  Entomologists.  (2-3) 

1 0.  Endoparasites.  (2-2, 4) 

11.  Definitive  hosts.  (2-6) 

12.  A  reservoir  host.  (2-1 0) 

1 3.  A  vector  transfers  parasites  from  one  host  to  another.  (2-11) 
'14.  Symbiosis.  (2-1 2) 

15.  Trauma,  lytic  action,  tissue  response,  blood  loss,  and  secondary  infection.  (2-1 4) 

» 

16.  The  human  host  will  produce  eosinophilia.  (2-17) 

1 7.  Parasites  may  gain  access  to  the  human  body  by  means  of: 

a.  Food.  1  c.  Filth. 

b.  Soil  or  water.  i  d  Arthropods. 
(2-21)  f' 

18.  Cooking.  (2-24)  j; 

CHAPTER  2 

1.  In  both  man  and  other  mammals.  (3-2) 

2.  The  sandfly.  (3-2)  * 

3.  Such  an  examination  is  useless,  because  the  parasites  are  found  in  the  tissues  adjacent  to  the  sores,  which 
they  produce,  rather  than  in  the  peripheral  blood.  (3-8) 

4.  in  those  of  the  nose  and  pharnyx.  (3-9) 

5.  In  large  areas  of  tropical  America,  from  Yucatan  in  Mexico  through  Central  America,  and  into  northern 
Argentina.  (3-9) 
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6.  The  nasal  septum,  or  the  surfaces  of  the  palate,  (3-1 0) 

7.  a.  Examination  of  exudates  or  biopsies  collected  from  involved  areas. 

b.  Culttore&r- 

c.  Serological  procedures. 
(3-1 1) 

8.  Trypanosoma  rhodesiense  and  Trypanosoma  gambiense.  (3-1 2) 

9.  Spinal  fluid.  (3-16) 

10.  4  (Aronic.  (3-19) 

11.  They  develop  the  disease  in  its  chronic  state.  (3-23) 

1 2.  ^trophozoite.  (3-27) 

13.  There  is  a  proturberance.on  one  margin  of  Chilomastix  mesnOi  which  gives  the  cysts  the  shape  of  a  lemon. 
(3-31) 

14.  No,  the  Chilomastix  mesnili  parasite  is  not  pathogenic.  (3-32) 

15.  It  is  twice  the  diameter  of  a  red  blood  cell  in  length,  and  its  shape  resembles  a  longitudinally  cut  pear. 

(3-33,  35)  ^ 

16.  It  is  possible  for  Trichomonas  hominis,  found  in  fecal  material,  to  accidentally  contaminate  vaginal 
secretion  specimens.  (3-41) 

17.  In  the  mouth,  around  the  teeth  and  gingival  margins.  (3-42) 

1 8.  Trichomonas  hominis  has  a  longer,  undulating  membrane.  (3-48) 

1 9.  Entamoeba  histolytica.  (4-3) 

20.  Entamoeba  histolytica.  (4-4) 

21 .  Four  nuclei,  rod-lik^  chromatdidal  bodies,  and  bead-like  chromatin  granules.  (4-6) 

22.  Entamoeba  colt  (4-10) 

23.  Entamoeba  coli  (4-11) 

24.  Entamoeba  coli  does  not  produce  symptoms  nor  pathology  in  man.  (4-1 5) 

25.  Because  of  poor  oral  hygiene,  the  person  probably  has  diseased  gums.  (4-17, 18) 

26.  Nuclear  characteristics,  size,  and  appearance.  (4-20) 

27.  Dientamoeba  fragilis.  (4-24) 

28.  Iodamoeba  butschliL  (4-27) 

29.  Both  -  one  phase  of  the  cycle  is  sexual  and  the  other  phase  is  asexual.  (5-2) 

30.  The  immature^ocyst  woultf  appear  as  a  thick-Walled,  lemon-shaped,  transparent  structure  containing  a 
single  spherical  mass  of  protoplasm.  (5-7) 

31.  The  organism  shows  a  delicate,  light  blue  cytoplasm  with  a  reddish,  oval  nucleus  towards  the  broad  end 

(5-10) 

32.  Malaria  parasites.  (5-1 5) 

33.  In  man.  (5-18) 

34.  In  the  liver.  (5-20) 

35.  Merozoites.  (5-20) 
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36.  In  a  red  blood  cell.  (5-21 ) 

37.  - The  four  species  of  malarial  parasites  that  can  infect  man  are  Plasmodium  vivax,  Plasmodium  malariae, 

Plasmodium  falcipanqp,  and  Plasmodium  ovale.  (5-25) 

38.  Plasmodium  vivax.  (5-26) 

39.  Plasmodium  vivax.  (5-26) 

40.  Plasmodium  malarias.  (5-32) 

41.  Both  thick  and  thin  preparations.  (5-37) 

42.  For  staining  peripheral  blood  smears  for  malarial  parasites,  you  should  use  both  Wright's  stain  and 
Giemsa's  stain.  (5-37) 

43.  The  cilia  provide  the  organism  with  locomotion.  (6-1) 

44.  Balantidium  coli  is  the  largest  protozoan  which  may  infect  man.  (6-2) 

45.  Balantidium  coli  can  cause  diarrhea,  and  has  in  some  cases  even  caused  death.  (6-6) 

CHAPTER  3 

1 .  The  leaf  of  a  tree  or  plant.  (Intro.-l) 

2.  Proglottid*  could  best  be  described  as  chain-like  segments.  (Intro.-l ) 

3.  The  specific  gravity  of  the  eggs  is  too  high  for  them  to  be  consistently  floated.  (Intro.-4) 

4.  Schistosomes  or  blood  flukes.  (7-2) 

5.  A  long  and  sharp  lateral  spine  that  is  located  along  one  side  on  about  the  posterior  third  of  the  egg.  (7-6) 

6.  Fecal  material.  (7-8) 

7.  The  female  is  slightly  longer,  about  26  mm.  as  compared  with  the  12  to  20  mm.  length  of  the  male.  (7-1 1) 

8.  Schistosoma  haematobium.  (1 A  5) 

9.  At  ip  posterior  end.  (7-1 8) 

10.  Blood  in  the  urine  of  the  patient.  (7-19) 

1 1 ..  Urine  specimens.  (7-20) 

12.  By  centrifugatiort.  (7-20) 

13.  Fasciola  hepatica.  (7-22) 

14.  Snails.  (7-23) 

15.  A  specimen  of  uncontaminated  bile.  (7-26) 

1 6.  Qonorchis  sinensis,  (7-30) 

1 7.  Qonorchis  sinensis.  (7-33) 

18.  Opistorchis  viverrini.  (7-36) 

19.  Fasciolopsis  buskL  (7-39) 

20.  Fasciolopsis  buski  adult  parasites  measure  over  an  inch  in  length  and  about  a  half  inch  in  width.  (7-40) 

21 .  In  man,  infections  with  R  buski  occur  when  cracking  nuts,  of  the  water  chestnut  or  water  caltrop  with 
the  teeth.  (741) 
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22.  Heterophyes  hcterophyes.  (7-44)  - 

23.  By  eating  uncooked  freshwater  fish  on  which  the  infective  melacercariae  have  encysted.  (7-49) 

24.  Paragonimus  westermanL  (7-53) 

25.  The  shell  is  relatively  thick  and  golden  brown  in  color.  (7-57) 

26.  The  tapeworm  attaches  itself  to  the  intestinal  wall  of  its  host  by  means  of  its  hooked  head  or  scolex. 
(8-1) 

1  27.  A  hook-bearing  portion  at  the  anterior  end  of  the  tapeworm  is  given  the  name  rostellum.  (8-2) 

28.  Each  mature  proglottid  has  both  male  and  female  reproductive  systems.  (8-3) 

29.  Diphyllobothrium  latum.  (8-6) 

30.  The  Diphyllobothrium  latum,  or  fish  orbroad  tapeworm,  has  a  length  up  to  35  feet.  (8-6) 

3 1 .  The  rosette-shaped  uterus  and  the  genital  pore,  (8-8) 

32.  Taenia  saginata.  (8-10)  " 

33.  Beef.  (8-10) 

34.  Man.  (8-11) 

35.  The  head  of  T.  saginata  has  neither  a  rostellum  nor  attachment  hooks.  (8-1 2) 

36.  From  15  to  20.  (8-12) 

3^.  Because  of  its  large  size,  the  T  saginata  species  is  often  the  cause  of  excessive  digestive  pathology.  (8-1 3) 

33.  By  counting  the  number  of  lateral  uterine  branches  or  arms.  (8-14) 

39.  The  eggs  of  the  T.  saginaffTspecies  cannot  be  distinguished  from  those  of  T.  solium  by  microscopic 
examination,  so  only  the  presence  of  eggs  of  the  Genus  Taenia  could  be  reported.  (8-14) 

40.  Press  them  between  two  microscopic  slides  and  use  a  hand  lens.  (8-14) 

41 .  Improperly  cooked  pork.  (8-1 5)  , 

42.  Yes.  (8-16) 

43.  Cysticercosis.  (8-16) 

44.  A  double  circle  of  hooks.  (8-1 7) 

45.  f  The  mature  proglottids  of  T.  solium  are  slightly  wider  than  long.  (8-1 7) 

46.  Thirteen.  (8-17) 

47.  Irritation  to  the  mucosa,  intestinal  obstruction,  and  nervous  disorders  due  to  the  production  of  toxic 
substances.  (8-18) 

48.  As  the  dwarf  tapeworm  of  man.  (8-19) 

49.  ffymenolepsis  nana.  (8-19) 

50.  About  2  inches.  (8-19) 
51..  Man,  rats,  and  mice.  (8-19) 

52.  Because  of  the  frequency  of  finding  it  in  the  small  intestines  of  rats.  (8-24)  J 

53.  Twenty  inches,  with  up  to  2,000  proglottids.  (8-25)^ 

54.  The  eggs  of  Ediminuta  are  larger  and  lack  the  polar  filaments  which  are  characteristic  of  H.  nana.  (8-25) 
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55.  The  life  cycle  requires  a  stage  of  development  in  one  of  various  arthropods.  (8-26) 

56.  The  dog  and  the  cat.  (8-28) 

57.  Because  of  their  frequent  close  cdntact  with  infected  cats  and  dogs  as  pets.  (8-28) 

58.  They  are  of  the  same  approximate  length,  but  D.  caninum  usually  has  fewer  proglottids.  (8-29) 

59.  They  resemble  the  shape  of  a  cucumber  or  pumpkin  seed.  (8-29) 

60.  The  eggs  must  be  ingested  by  one  of  various  insects,  such  as  the  dog  louse  or  certain  larval  fleas,  which 
serve  as  intermediate  hosts.  (8-30) 

-  CHAPTER  4 

1.  Nematodo.  (lntro.-2) 

2.  Intestinal  and  somatic  or  tissue  roundworms,  (lntro.4) 

3.  Trichinclla.  (9-1) 

4.  The  outer  shell  of  the  egg  is  sticky.  (9-4) 

5.  Press  the  sticky  side  of  clear  scotch  tape  to  the  perianal  folds  of  the  patient  and  then  stick  the  tape  to 
a  glass  slide.  (9-7) 

6.  Trichuris  trichiura  eggs  are  golden  brown  and  barrel  shaped.  (9-10) 

7.  Because  they  are  very  resistant  to  drying  and  low  temperatures.  (9-13) 

8.  Ascaris  lumbricoides  eggs  have  a  much  thicker  shell;  and  they  contain  an  undivided  cell  mass,  whereas 
hookworm  eggs  contain  a  zygote  that  is  in  the  four  or  eight  cell  stage.  (9-1 5) 

9.  Necator  americanus.  (9-18) 

10.  By  penetrating  the  skin.  (9-20). 

11.  One  or  two.  (9-22) 

12.  Female.  (9-26) 

13.  (1)  The  buccal  canal  of  Strongyloides  is  very  short,  while  that  of  the  hookworm  is  longer  and  narrow;  and 
(2)  the  genital  primordium  of  Strongyloides  is  much  larger  than  in  the  hookworm.  (9-29) 

14.  It  takes  7  to  14  days  after  exposure  for  most  of  the  larvae  to  be  filtered  out  in  the  muscle.  (9-32) 

15.  Bentonite  flocculation  test  and  indirect  hemagglutination  test.  (9-34) 

16.  In  appropriate  bloodfeeding  insects.  (10-2) 

1 7.  They  circulate  in  peripheral  blood  mainly  at  night.  (10-4) 

18.  Use  10  cc.  of  2  percent  formalin.  (10-7) 

19.  The  microfilariae  of  Brugia  maiayi  have  two  cells  in  the  tip  of  the  tail  which  are  not  present  in 
Wuchereria  bancrofti.  (10-9)  4 

20.  Mainly  during  the  daytime.  (10-11) 

21 .  Black  flies^ave  chewing  moutliparts;  therefore,  it  is  necessary  for  them  to  chew  a  hole  through  the  skin 
to  the  capillary  bed  and  then  lap  up  the  blood  as  it  pools  up  in  the  hole.  The  microfilariae  escape  from  the 
skin  in  th*  tissue  fluids  and  are  taken  up  with  the  blood.  (10-13) 

22.  You  will  need  to  be  able  to  differentiate  threm  ixjjtti  the  microfilariae  of  the  more  harmful  species.  (10- $6) 

23.  They  must  be  made  deep  enough  to  include  dermal  tissue.  (10-17) 

V 


31  < 


^03 


o  -  '42/ 

ERIC 


24.  By  taking  a  sample  of  peripheral  blood.  (10*1 8) 

25.  The  adult  female  Dracunculus  medincnm  is  much  larger.  (10-20) 

26.  By  placing  the  blister  in  contact  with  water  and  allowing  the  blister  to  rupture.  (10-24) 

27.  A  zoonotic  infection.  (11-1) 

28.  Capittaria  phttippihwsis.  (1 1-4) 

29.  Over.  (11-7) 

30.  In  the  adu}t  stage.  (11-8) 

31 .  The  buccal  capsule  of  Temidens  deminutus  is  terminally  located,  and  the  bijccal  cavity  is  guarded  on  the 
inside  by  a  double  row  of  stiff  bristles.  (11-9) 

32.  Pollen  grains.  (1 M0) 

33.  Measure  the  eggs;  they  should  measure  70  to  90  by  40  to  50  microns,  while  hookworm  eggs  measure  up  to 
70  by  40  microns.  (11-13) 

34.  The  nematode  parasite  is  found  in  the  conjunctival  sac.  After  it  is  removed  from  the  eye,  examine  the 
worm.  It  has  a  very  rough  cuticle,  and  it  measures  about  4.5  mm.  by  0.25  to  0.85  mm.  (11-14) 

35.  Ascaris  eggs.  (11-15)  S^. 

36.  Urine.  (11-16) 

37.  The  mucosa  and  subdermal  connective  tissues  in  the  vicinity  of  the  mouth.  (1M7) 

38.  AcanthocephakL  (11-18) 

39.  Dirofilariaimmitis.(\\-20) 

40L    The  larvae  make  a  migration  through  the  brain  and  spinal  column,  where  they  develop  into  adult  worms 
before  settling  in  the  lungs  of  rats.  In  man  they  also  migrate  to  ti*e  brain  and  spinal  column;  but  they 
remain  there,  producing  damage  which  causes  the  symptoms  of  eosinophilic  meningitis.  (1 1-22) 

41.  Anisakis.  (11-23) 

42.  Lagocheilascaris  minor.  ( 1 1  -24) 

43.  The  infective  stage  larvae  persist  within  a  paratenic  host  without  essential  development  and  usually 
without  growth.  (1 1-25) 

44.  The  larva  has  a  large  head  bulb  that  has  eight  rings  of  hooklets.  (1 1-28) 

45.  Toxocara.  (11-29) 

,  46.    Cutaneous  larva  migrans.  (11-31) 
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^   Multiple  Choice 
Chapter  1 

1 .  (300)^uch  of  the  following  statements  concerning  parasitology  is  not  true? 

a.  Parasitology  deals  with  the  relationship  between  a  parasite  and  its  host. 

b.  The  discovery  of  the  microscope  began  a  new  era  in  parasitology. 

c .  A  parasite  derives  its  sustenance  from  another  organism  without  making  compensation.  ^ 

d.  The  major  developments  in  modern  parasitology  came  in  the  20th  century. 

2.  (300)  In  recent  years,  which  of  the  following  malaria  parasites  has  developed  the  most  resistance  to 
treatment? 

'    a.  Plasmodium  falciparum.  c.  Plasmodium  ovale, 

b.  Plasmodium  malariae.  d.  Plasmodium  vivax. 

3.  (300)  Which  of  the  following  is  not  a  prihcipal  phylum  of  medically  significant  parasites? 

a.  Sporozoa.  c.  Protozoa. 

b.  Arthropoda.  d.  Platyhelminthes. 

\ 

4.  (300)  The  parasitic  infections  which  are  themost  important  health  problems  in  the  tropics  today  ire 
borne  by 

a.  soil  or  water.  c.  arthropod  vectors. 

b.  food.  d.  filth/  ^ 

5.  (300)  Which  insect  serves  as  the  definitive,  host  for  the  human  malaria  parasite? 

a.  Fly.  c.  Tick. 

hi  Mosquito.  d.  Snail. 

v 

6.  (300)  Which  of  the  following  foods  offers  the  greatest  possibility  for  parasitic  infection  of  man? 

a.  Fried  fish.  c.  Boiled  shrimp.  * 

b.  Raw  crayfish.      .  d.  Fr^ed  bacon. 

7.  (300)  All  of  the  following  are  aspects  of  symbiosis  except 

a.  mutualism.  c.  parasitism. 

b.  commensalism.  d.  trauma. 

8.  (300)  For  a  parasite  to'exist,  all  of  the  following  conditions  are  necessary  except 

a.  a  suitable  host. 

b.  benefit  to  both  host  and  parasite. 

c.  a  dependable  means  of  transmission  to  the  host. 

d.  environmental  conditions  providing  suitable  access  to  the  host. 

Chapter  2 

9.  (30 1)  During  one  stage  in  the  life  cycle  of  Leishmania  donovani,  the  parasite  lives  as  a  flagellated 
leptomonas-form  organism.  Within  which  of  the  following  insect  vectors  does  this  occur? 

a.  Bees.  c.  Sandflies. 

b.  Mosquitoes.  d.  Ticks. 
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10.  (301)  Which  of  the  following  countries  has  the  highest  infection  rate  with  the  parasite  Leishmania 

braziliensis? 

a.  India.  c.  Northern  Europe. 

b.  South  America.  d.  North  America. 

0  ft 

* 

11.  (301 )  When  patients  survive  the  acute  phase  of  the  disease  resulting  from  infection  with  Trypanosoma 
cruzi,  what  condition  usually  develops?  / 

a .  Freedom  from  infection .  c .  Re-occurring  acute  attacks. 

b.  A  chronic  state  of  the  disease.  d.  Secondary  bacterial  infection. 

ft  < 

1 2.  (30 1 )  One  procedure  which  is  not  used  for  laboratory  diagnosis  of  Trypanosoma  rhodesiense  is 

a.  spinal  fluid  preparation. 
.  b.  demonstration  in  sternal  bone  marrow  aspirates. 

c.  complement  fixation. 

d.  stained  blood  smears.  0 

13.  (301)  Which  choice  is  correct  of  Qambian  sleeping  sickness? 

a.  Requires  a  vector.  c.  Usually  diagnosed  by  complement  fixation. 

b.  Usually  fatal.  d.  Usually  more  serious  than  the  Rhodesian  type. 

14.  (301 )  The  presence  of  flagellates  in  the  genitourinary  tract  of  a  female  patient  strongly  suggests  a 
diagnosis  of 

a .  Entamoeba  coll  c.  Trichomonas  hominis* 

b.  Trichomonas  tenax.  d.  Trichomonas  vaginalis. 

1 5.  (302)  Which  of  the  following  is  true  concerning  Entamoeba  coli? 

a.  It  moves  in  a  definite  direction. 

b.  It  is  found  only  in  South  America. 

c .  Its  nucleus  is  usually  invisible. 

d.  It  produces  neither  symptoms  nor  pathology  in  man. 

1 6.  (302)  Of  the  amebae  discussed  in  the  text,  how  many  inhabit  the  human  intestinal  tract? 

a.  Four.  c.  Six.  „ 

b.  Five.  d.  Seven. 

1 7.  (302)  All  of  the  following  diagnostic  characteristics  may  usually  be  observed  in  the  mature  Entamoeba 
histolytica  cyst  except 

a.  four  nuclei.  c.  rod-like  chromatoidal  bodies> 

b.  glycogen  vacuoles.  d.  bead-like  chromatin  granules.  • 

18.  (302)  All  of  the  following  statements  relative  to  Entamoeba  gingivalis  are  true  except  that 

*   a.  its  presence  may  indicate  poor  oral  hygiene. 

b.  it  thrives  on  diseased  gums. 

c.  it  is  a  pathogenic  type  of  ameba.  ° 

d.  it  is  associated  with  the  tartar  between  the,  teeth. 
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19.  (301)  All  of  the  following  laboratory  procedures  may  be  used  to  assist  in  the  identification  of  Leishmania 
parasites  except 

a.  cultures.  c.  examination  of  exudates. 

b.  serological  methods.  "d.  examination  of  peripheral  blood. 

20.  (301)  Which  of  the  following  does  the  Gardia  lamblia  trophozoite  most  resemble  in  shape? 

a.  A  longitudinally  cut  pear.  c.  An  orange. 

b.  A  sliced  watermelon.  ~  d.  A  lemon. 

* 

21.  (303)  Malaria  can  produce  all  of  the  following  symptoms  except  • 

a.  anemia.  c.  congestion  of  the  kidneys. 

b.  enlargement  of  the  liver.  ,        d.  enlargement  of  the  heart. 

22.  (302)  With  a  drop  in  temperature,  the  Dientamoeba  fragilis  will  ^ 

a.  become  active.  c.  degenerate. 

b.  become  encysted.  d.  flatten  out.  M 

23.  (301)  A  feature  by  which  Trichomonas  hominis  and  Trichomonas  vaginalis  can  be  differentiated  is  that 

a.  the  undulating  membrane  of  Trichomonas  hominis  is  longer. 

b.  the  undulating  membrane  of  Trichomonas  hominis  is  shorter. 

c.  Trichomonas  vaginalis  forms  a  genuine  cyst. 

d.  Trichomonas  hominis  forms  a  genuine  cyst. 

24.  (303)  Organisms  of  the  subphylum  Sporozoa  have  an  interesting  life  cyple  in  their  development.  Which,  if 
any,  phases  do  they  undergo  during  their  development? 

a.  Sexual  only.  (  c.  Both  sexual  and  asexual. 

b.  Asexual  only.  '  d.  Neither  sexual  nor  asexual. 

25.  (303)  When  stained  with  Giemsa,  the  color  of  the  cytoplasm  of  the  Toxoplasma  gondii  organism  appears 
a.  grey.  c.  yellow. 
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b.  brown.  d.  light  blue. 

26.  (302)  The  important  points  by  which  the  Endolimax  nana  can  be  recognized  in  stained  preparations  are 
all  of  the  following  except  » 

a.  size.  "  ~  c.  the  round  karyosome  body. 

b.  appearance.  d.  nuclear  characteristics. 

27.  (303)  Of  the  various  species  of  malaria,  the  one  which  onuses  the  most  severe  disease  is  Plasmodium 

a.  ovale.  c.  malariae. 

b.  vivax.  d.  falciparum. 

23.    (303)  Which  of  the  following  species  of  malarial  parasites  is  most  widely  distributed  throughout  the 
world? 

a.  Plasmodium  malariae.  (      c.  Plasmodium  vivax. 

b.  Plasmodium  ovale.  d.  Plasmodium  falciparum 
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29.   (303)  Whid|  of  the  following  is  not  true  of  fevers  seen  in  malaria? 

a.  They  are  rhythmic:  _ 

b.  They  coincide  with  the  release  of  mature  gametocytes. 

c.  The  period  between  peaks  varies  according  to  which  species  of  parasites  causes  the  infection. 

d.  They  coincide  with  the  rupture  of  red  blood  cells. 

30*.   (302)  She  only  species  of  intestinal  amebae  of  man  in  which  a  single  nucleus  persists  throughout  both  the 
trophozoite  and  cystic  stages  is  the  lodamoeba 

a.  coll  c.  butschliL 

b.  fiugilis.  d.  histolytica, 

3 1 .  (303)  In  which  organ  of  man  does  the  exoery throcytic  stage  of  the  malarial  parasite  begin? 

a.  Stomach.  c.  Kidney. 

b.  Bladder.  d.  Liver. 

32.  (303)  As  compared  with  other  protozoa,  Balantidium  coli  is 

a.  the  largest  found  in  man.  c.  the  smallest  found  in  man. 

b.  found  in  invertebrate  animals  only.  '  d.  found  in  vertebrate  animals  only. 

33.  (303)  Where  in  man  does  the  erythrocytic  stage  of  the  malarial  parasite  take  place? 

a.  Liver.  ,  c.  Salivary  glands. 

b.  Red  blood  cells.  d.  White  blood  cells. 

Chapter  3  < 

34.  (304)  What  is  the  incubation  period  of  cercariae  of  Schistosoma  mansoni? 

a.  1  to  2  weeks.  c.  5  to  6  weeks. 

b.  3  to  4  weeks.  d.  7  to  8  weeks. 

35.  (304)  The  egg  of  the  Schistosoma  haematobium  h*s  a  blunt-panted  spine.  Where  is  this  spine  located? 

a.  Within  the  egg.  «.  At  the  anterior* end. 

b.  Along  one  side  of  the  egg.  1  At  the  posterior  end. 

36.  (305)  The  only  way  that  Fasciola  hepatica  can  be  positively  identified  is  to  recover  typical  eggs  from 

a.  feces.  c.  sputum.       ,  <>> 

b.  urine.  d.  uncontaminated  bile. 

37.  (304)  What  species  of  fluke  causes  the  disease  known  as  intestinal  scKistbsomiasis? 

a.  Schistosoma  mansoni.  c.  Schistosoma  haematobium.  ( 

b.  Schistosoma  japonicunt  d.  Fasciola  hepatica.       1  ^ 

38.  (305)  Humans  normally  become  infected  with  Metagonimus  yokogawai  as  a  result  of  eating 

a.  uncooked  fresh  water  fish.  c.  undercooked  pork. 

b.  pickled  German  sausage.  d.  snails. 
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39.  (305)  How  may  false  fascioiiasus  be  ruled  out? 

a-  Provide  a  lettuce-free  diet  for  3  days  or  more.  ^ 

b.  Provide  a  watercress-free ^diet  for  3  days  or  more. 

c .  Provide  a  liver-free  diet  for  3  days  or  more. 

d.  Ptovide  a  lamb-free  diet  for  3  days  or  more. 

40.  *  (305)  Which  one  of  the  following  is  called  the  giant  intestinal  fluke  of  man? 

a.  Fasciola  buskL  c.  Schistosoma  japonicum 

b.  Fasciola  hepatica.  d.  Opistorchis  sinensis. 

41.  (304)  In  what  way  are  schistosomes  unique  among  flukes  of  man? 

a .  Each  individual  worm  has  both  male  and  female  organs. 

b.  The  males  and  females  are  separate- worms. 

c .  Their  intermediate  host  is  snails.  t  > 

d.  They  develop  as  single  unsegmented  units. 

42.  (305)  Pathological  effects  of  fiasciolopsis  buski  parasites  on  the  human  host  include  all  of  the  following 
except 

a.  hoven.  c.  emaciation. 

b.  anemia.  ~  d.  ulceration  of  intestinal  mucosa. 

7 

43    (304)  Which  of  the  following  species  of  Schistosoma  causes  schistosomal  hematuria  (blood  in  urine)? 

a.  Schistosoma  haematobium.  c.  Schistosoma  japonicum. 

b.  Schistosoma  mansoni.  d.  Schistosoma  sinensis. 

44.  (306)  The  Dipylidium  camnum  species  is  the  most  common  tapeworm  found  in  the 

^  a .  dog  and  cat.  c .  cat  and  pig.  f- 

b.  dog  and  pig.  d.  pig  and  horse. 

45.  (305)  In  very  heavy  infections  of  man  with  Metagonimus  yokogawai,  all  of  the  following  symptoms  may 
be  present  except 

a.  diarrhea.  c.  cardiac  disturbance. 

^%  cirrhosis  of  the  liver.  d.  persistent  intestinal  disturbances. 

46.  (304)  With  one  fluke  egg  you  have  studied,  a  wart-like  thickening  may  be  seen  near  the  posterior  end 
when  the  egg  is  positioned  properly.  Which  of  the  Following  has  this  feature? 

a .  Schistosoma  japonicum.  c.  Schistbsoma  haematobium. 

b.  Schistosoma  mansonu  d.  FasciouMiepatica. 

47.  (304)  In  comparing  Schistosoma  japonicum  with  Schistosoma  mqnsoni,  which  of  the  following  statements 
is  true? 

a.  The  adult  worms  of  Schistosoma  japonicum  inhabit  the  large  intestine. 

b.  Their  life  cycles  are  essentially  the  same. 

c .  The  adult  worms  of  Schistosoma  mansoni  inhabit  the  small  intestine. 

d.  The  eggs  of  Schistosoma  japonicum  are  larger  than  those  of  Schistosoma  mansoni. 


434 


38 


48. 


(306)  The  gravid  proglottid  of  the  Taenia  solium  possesses  approximately  how  many  lateral  branches  on 
each  side  of  the  uterine  tube?  ,  / 


a.  3  to  5. 

b.  5  to  7. 


c.  7  to  13. 

d.  10  to  17. 


49.    (306)  The  gravid  proglottid  of  the  taenia  saginata  possesses  approximately  how  many  main  lateral 
branches  on  each  side  of  the  uterine  stem? 


3  or  more, 
b.  5  or  more. 


c.  *  10  or  more. 

d.  15  or  more. 


50.  (305)  What  common  Far  Eastern  liver  parasite  causes  damage  ranging  from  minor  inflammation  and 
lesions  to  cirrhosis  of  the  Ii^er  and  death?  . 

a .  Fasciola  hepatica.  c .  Fasciolopsis  buski. 

^     b.  Clonorchis  sinensis*  d.  Heterophyes  heterophyes. 

51.  (306)  In  comparison  with  the  ova  and  worm  of  Hymenolepsis  nana*  what  is  the  size  of  the  ova  and  worm 
of  Hymenolepsis  diminuta?  <> 

a .  The  ova  is  smaller  and  the  maximum  length  of  the  worm  is  greater. 

b.  The  ova  is  larger  and  the  maximum  length  of  the  worm  is  greater. 

c .  The  ova  is  the  same  size  and  the  maximum  length  of  the  worm  is  less. 

d.  The  size  of  the  ova  and  the  maximum  length  of  the  worms  are  the  same. 

52.  (306)  The  Diphyllobothrium  latum  (corrimonly  known  as  the  fish  or  broad  tapeworm)  may  have  a 
length  up  to 


.  5  feet. 
t>.  35  feet. 


c.  SJnches. 

d.  35  inches. 


53. 


(305)  Diagnosis  of  paragonimiasis,  cajised  by  the  Paragonimus  westermani  parasite,  is  based  on  finding  m 
the  characteristic  eggs  in  all  of  the  following  except  ^ 


a.  sputum. 

b.  feces. 


c.  urine. 

d.  pleural  aspirates. 


54. 


55. 


(£06)  The  adult  tapeworm  is  attached  to  the  intestinal  walf  of  its  host  by  its  ( 

a.  tail.  c-  scolex  (head).  / 

b.  proglottid.  d-  proglottid  and  head.  / 

(306)  Which  of  the  following  is  kuown  as  the  dwarf  tapeworm  of  man  and  is  the  most  common  tapeworm 
foun^  in  America?  "  ' 


a.  Hymenolepsis  JStiminuta. 

b.  Hymenolepsis  nana. 


c>  Taenia  saginata. 
d.  Taenia  solium. 


Chapter  4 


/ 


56.    (307)  What  is  the  most  common  nematode  infecting  humalis  in  the  United  States? 


a .  Trichuris  trichiura. 

b.  Enterobius  vermicularis. 


c .  Ancylostoma  duodenale. 

d.  Trichinella  spiralis. 
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57.   (307)  When  rhabditiform  lame  of  the  Sfrongyloide  stercorals  follow  the  indirect  rout*  of  development, 
tjjey  *~ 


a  i  develop  into  free-living  adult  male  and  female  worms. 

b.  live  for  as  long  as  2  months  in  the  soil.  « 

c.  develop  into  infective  filariform  larvae  within  24  hours  after  leaving  the  intestine. 

d.  have  usually  been  deposited  on  dry,  cool  soil/ 

58.  (308)  The  microfilariae  of  Onchocerca  volvulus  are  usually  found  in  what  type  of  specimen? 

a.  Fecal  specimen  collected  at  night. 

b.  Gastric  contents  collected  at  any  time. 

c .  Peripheral  blood  specimen  collected  at  peak  of  fever. 
Skin-snip  specimen  collected  at  any  time. 

59.  (3(^7)  Trichinella  is  unique  among  intestinal  nematodes  of  man  in  thai 

j  V 

a.  jits  life  cycle  does  not  include  any  developmental  stages  outside  the  body  of  a  host. 

b.  the  young  larvae  live  and  grow  in  involuntary  muscle. 


its  principal  reservoir  is  the  rat. 

it  has  an  embryonic  stage  known  as  microfilaria. 


60.  (3p8)  Conceiving  Brugia  malayi  and  Wuchereria  bancrofti,  which  choice  correctly  presents  a  differentiating 
characteristic? 

a  J  Adult  Brugia  malayi  are  about  twice  the  size  of  Wuchereria  bancrofti. 
bl!  Adult  Brugia  malayi  are  about  half  as  large  as  Wuchereria  bancrofti. 
a  cl  The  microfilariae  of  Brugia  malayi  are  sheathed. 

d.  The  microfilariae  of  Wuchereria  bancrofti  have  two  cells  in  the  tip't^Hta  tail. 

61.  (307)  Which  of  the  following  statements  correctij^describes  the  relationship  between  Necaior  americanus 
knd  Ancylostoma  duodenale  parasites?  k 

la .  The  eggs  cannot  be  differentiated, 
b.  Ancylostoma  duodenale  are  more  slender, 
j  c .  Necator  americanus  are  larger, 
d.  Only  Necator  americanus  eggs  are  referred  to  as  "hookworm  ova." 

62.  (308)  From' which  of  the  following  may  microfilariae  of  Mansonella  ozzardi  be  recovered? 

a.  Dermal  tissue.  c.  Liver. 

;    b.  Urina.  "  ^.  Peripheral  blood. 

63.  (307)  Which  of  the  following  points  should  be  noted  to  differentiate  the  rhabditoid  larvae  of  Strongy hides 
from  those  of  hookworms? 

a .  The  larva  of  hookworm  has  a  notched  tail. 

b.  The  larva  of  Strongyloses  has  a  pointed  tail. 

c .  The  buccal  canal  of  Strongyloides  is  very  short. 

d.  The  genital  primordium  of  Strongyloides  is  much  smaller. 

64.  (308)  How  do  the  microfilariae  of  certain  strains  of  Wuchereria  bancrofti  demonstrate  nocturnal 
periodicity?  -  ^ 

a .  They  circulate  in  peripheral  tyood  ijiainly  at  night.  ^  * 

b.  They  circulate  in  peripheral  blood  mainly  duringjlje  day. 

c.  They  are  present  in  the  leeea  only  at  night. 

d.  They  are  present  in  the*fS2eTonly  during  the  day^  ^ 
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65.  (307)  After  exposure,  how  many  days  does  it  tike  for  most  the  larvae  of  Trichinella  spiralis  to  reach 
striated  muscle? 

a.  1  to 2 days.  c.  7 to  14 days. 

b.  3  to  5  days.  d.  60  to  90  days. 

66.  (309)  In  what  stage  can  Ancylostoma  ceylanicum  be  differentiated  easily  from  An^lostpma  duodenale? 

a.  Egg.  c.  Larval. 

b.  Adult.  d.  Microfilariae. 

67.  (307)  Why  may  Ascaris  lumbricoides  eggs  remain  viable  in  soil  for  years? 

a .  They  are  unsegmented  when  passed. ' 

b.  They  become  infective  in  a  minimum  of  2  months. 

c .  They  have  thin  inner  shells. 

*  d.  They  are  resistant  to  drying  and  low  temperatures. 

68.  (308)  If  a  patient  is  suspected  of  being  infected  by  Dracunculus  medinensis,  how,  may  the  larvae  be 
demonstrated?  ,  1 

a.  Rupture  any  blisters  by  applying  water.  c.  Examine  fecal  material  microscopically.  k 

b.  Centrifuge  arterial  blood.  d.  Prepare  egg  cultures. 

) 

69.  (309)  Which  of  the  following  descriptions  would  be  useful  in  confirming  a  diagnosis  of  Trichostrongylus 
orientals  infection?  J 

a.  Eggs  are  smaller  than  hookworm  eggs. 

b.  Eggs  are  more  blunt  09  both  ends  than  hookworm  eggs. 

c .  Eggs  measure  65  by  35  microns. 

d.  Eggs  measure  90  by  50  microns. 

70.  '  (309)  Within  what  kind  <pf  host  do  infective  stage  larvae  persist  without  essential  development  and 

usually  without  growth? 

a.  Inadequate.  c.  Paratenic. 

b.  Intermediate.  d.  Final. 

i 

7 1 .  (307)  Eggs  of  Ascaris  lumbricoides  differ  from  hookworm  eggs  in  that  Ascaris  lumbricoides  eggs 

a.  havef much  thinner  shells.  * 

b.  contain  an  undivided  cell  mass. 

c .  develop  to  the  infective  stage  in  from  5  to  8  days. 

d.  contain  a  zygote  in  the  four-  or  eight-cell  stage. 

72.  (307)  Which  of  the  following  may  be  used  effectively  to  collect  a  specimen  of  Enterobius  vermicuiaris 
eggs  for  making  laboratory  diagnosis? 

a .  Gear  Scotch  tape.  c.  A  test  tube. 

b.  A  centrifuge.  d.  A  syringe/ 

73.  (309)  What  infection  of  young  children  may  be  caused  by  parasites  of  the  genus  Toxocara? 

a.  Cutaneous  larva  migrans.  c.  Visceral  larva  migrans. 

b.  Ringworm.  *  d.  Infantile  paralysis. 
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74.  (309)  The  course  of  their  migrations  leads  the  larvae  of  Angiostrongylus  cantonensis  (rat  lungworm) 
to  what  vital  organ  in  both  rats  and  man? 

a- .km*-  c.  Kidneys.  . 

b.  Liver.  0  d.  Brain.  *  ; 

75.  (308)  The  microfilariae  of  Loa  loa  demonstrate  what  type  of  periodicity? 

-a^Aperiodicity.  c.  Variable, 

b.  Nocturnal.  d.  Diurnal. 

76.  (309)  Which  of  the  following  statements  is  not  true  concerning  parasites  of  the  genus  ThtUtxU 

californiensis? 

a.  They  have  been  reported  from  several  oriental  countries. 

b.  Certain  species  of  flies  serve  as  intermediate  hosts. 

c.  They  normally  inhabit  the  conjunctival  sac  of  dogs. 

d.  They  are  incidental  parasites  of  man. 

77.  (309)  What  portion  of  man's  anatomy  is  usually  infected  by  Gongylonema  pulchrum? 

a.  Subdermal  tissues  near  the  mouth.  c.  The  peripheral  blood. 

b.  Mucosa  of  the  esophagus.  d.  The  tissues  of  the  eye. 

78.  (309)  Ancylostoma  has  been  proved  to  be  a  cause  of 

a.  massive  abcesses.  c.  elephantiasis. 

b.  cutaneous  larva  migrans.  d.  visceral  larva  migrant 

79.  {309)  When^human  irmfected  with  an  animal  parasite,  the  infection  is  called 

a.  enzootic.  c.  zoonotic. 

b.  paratenic.  d.  intermediate. 

80.  (309)  Which  of  the  following  statements  describes  Category  II  of  the  categories  of  relationship!  existing 
among  zoonotic  helminth  infections? 

a .  Humans  are  normal  and  adequate,  though  unnatural,  final  hosts. 

b.  Humans  are  more  or  less  normal,  but  unnatural,  paratenic  hosts,  * 

c.  Humans  are  more  or  less  normal,  but  inadequare,  final  hosts. 

d.  Humans  are  more  or  less  normal,  but  unnatural,  intermediate  hosts. 
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Introduction  to  Medical  Mycology 


Y?  UNGUS — THATS  THE  stuff  that  grows  on 
J?  the  north  side  of  trees!  Perhaps  this  is  the 
usual  thought  we  have  when  we  hear  this  word. 
However,  this  is  not  entirely  true.  There  are 
many,  many  different  types  of  fungi;  yme  are 
harmless  or  even  beneficial,  others  deadly.  Bene- 
ficial—in that  we  like  certain  species  on  our 
steaks  (mushrooms) — deadly — some  are  capable 
of  invading  the  body  and  slowly  involving  every 
organ  system  and  structure. 

2.  Medical  mycology  is  the  study  of  fungi 
which  can  invade  the  human  body  and  produce 
disease.  Fungi  are  small  members  of  the  plant 
kingdom  without  chlorophyll,  roots,  stems,  or 
leaves.  They  have  extremely  simple  fundamental 
structures  known  as  hyphae  (vegetative  struc- 
tures) and  spores  (reproductive  structures).  With 
the^e  two  basic  structures  they  live,  multiply,  and 


members  of  the  Phylum  Eumycophyta  or  "true 
fungi"  of  the  plant  kingdom. 

1-2.  Taxonomic  Relationships.  There  are  four 
classes  of  fungi,  as  shown  in  figure  1,  differen- 
tiated primarily  by  type  of  hypha  and  spore  and 
mode  of  reproduction.  The  distinguishing  charac- 
teristics of  each  class  are  summarized  in  table  1. 
The  terms  used  tq  describe  the  various  structural 
parts  are  defined  in  the  glossary  at  the  end  of  the 
volume.  The  class  Phycomycetes  contains  the  most 
primitive  of  the  fungi.  Most  members  produce 
broad,  aseptate  hyphae.  They  reproduce  asexually 
by  forming  sporangia  that  contain  sporangiospores 
(endospores).  Sexual  reproduction,  when  present, 
is  by  means  of  gametes,  gametangia,  oospores,  or 
zygospores.  The  asexual  structures  are  depicted  in 
figure  2.  The  class  Ascomycetes  is  represented  by 
two  morphologically  distinct  types.  The  first  type 


carry  out  the  other  functions  characteristic  of  mi-^_h^s  unicellular,  rounds  or  oval  forms  reproducing 
croorganisms  in  general.  cSxually  by  the  simple  budding  of  blastospores,  as 


3.  The  first  chap^pr  of  this  volume  will  show 
the  basis  for  classifying  fungi,  describe  their  mor- 
phological and  cultural  properties,  and  give  meth- 
ods for  the  collection  and  processing  of  specimens. 
The  techniques  commonly  used  in  identification  of 
the  medically  important  fungi  will  be  discussed. 
We  will  cover  in  some  detail  in  subsequent  chap- 
ters the  yeastlike  fungi,  the  monomorphic  molds, 
the  dimorphic  or  diphasic  fungi,  and  finally,  the 
saprophytic  forms.  Chapter  5  of  this  volume  intro- 
duces the  student  to  the  nature  of  the  viruses  and 
sets  forth  the  guidelines  for  collection,  preserva- 
tion, and  shipment  of  clinical  specimens  for  diag- 
nostic testing. 

1.  Characteristic*  of  the  Fungi 

1-1.  In  recent  years  botanists  have  re-examined 
some  of  the  traditional  bases  for  the  classification 
of  plants.  Fungi  are  no  longer  considered  to  be  de- 
rived from  or  related  to  the  algae.  Phylum  Thallo- 
phyta,  which  included  both  the  algae  and  the 
fungi,  has  been  eliminated.  The  bacteria,  fungi, 
and  slime  molds  are  now  taxonomically  segregated 
into  their  own  respective  phyla.  The  fungi  are 


shown  in  figure  3, A.  This  type  is  represented  by 
the  perfect  yeast,  genus  Saccharomyces.  Under  fa- 
vorable conditions,  sexual  ascospores  are  formed. 
Four  or  eight  ascospores  develop  within  each  sac- 
like inclosure  called  an  ascus.  The  asci  break  open 
to  release  the  ascospores.  This  is  illustrated  in  fig- 
ure 3»B.  Note  in  figure/4,C,  that  a  second  type  of 
Ascomycetes  has  septate  hyphae  producing  fila- 
mentous forms  which  reproduce  asexually  by 
spores  called  conidia. 

1-3.  In  the  class  Basidiomycetes  the  hyphae 
is  septate.  Sexual  reproduction  is  by  means  of  ba- 
sidiospores  developed  on  club-shaped  structures 
called  basidia.  Each  basidium  usually  bears  four 
exogenous  basidiospores  resembling  toes  on  a  foot. 
Figure  4  shows  these  characteristics.  The  class 
Deuteromycetes  (fungi  imperfecti)  contains,  with 
few  exceptions,  the  fungi  pathogenic  to  man. 
Thgse^fungi  lack  a  demonstrable  means  of  sexual 
reproduction  and,  therefore,  are  considered  "im- 
perfect." They  are  represented  by  two  morphologi- 
cally distinct  types:  a  septate,  filamentous  (mold) 
form,  shown  in  figure  5,  and  an  imperfect  yeast 
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Table  1 

Characteristics  op  the  Taxonomc  Classes  op  Fungi  J 


Taxonomio  olae* 
of  Fungi 

Hypha 

Type  of  Re- 
production 

Characteristic 
Spore 

Origin  of 
Spore 

Examples  of  Fungi 

Pathogenicity 

Phycomycetes 

Aseptate 

Asexual 

Sporangiospore 

Sporangiospore 

Nuisance  fungi  inclu- 
ingv  genera  Abeidia* 
Muoor,  and  Rhizopue 

--Very  rare — 
Mucormycos  is 

Sexual 

Zygospore  or 
oospore 

Fussion  of 
nucle  i 

Ascomycetes 

Septate 

Asexual 

Blastospore 

Budding 

/ 

Alleeoheria 
Aepergi  Hub 
Piedraia 

Sacahromyoea 

(perfect  yeast) 

 Rare  

Maduromycos  is 
Aspergillosis 
Black  Pi-*dra 

Conidium 

Conidio- 
phore 

Sexual 

Ascospore 

Ascus 

Bas  idionjycetes 

Septate 

Sexual 

Basidiospore 

Bas  idium 

Mushrooms  ,  smuts 
and  rusts 

 Rare  

Mushroom 
poisoning 

Deuteromycetes 
(fungi  linper- 
fecti 

Septate 

Asexual 

Thallospor% 
Conidium 

Thallus 
(hypha) 

Conidio- 
phore 

Most  saprophytes 
and  pathogens  en- 
countered in  medi- 
cal mycology  (Im- 
perfect mold  and 
yeast) 

Most  mycoses 
encountered 
in  medical 
mycology 
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tigation.  When  direct  morphological  studies  in 
themselves  are  not  sufficient,  special  techniques 
must  be  utilized.  These  techniques  will  be  dis- 
cussed in  detail  in  Section  3  of  this  chapter* 

1-5.  The  life  cycle  of  the  fungi  can  bfc  sepa- 
rated into  two  phases:  the  vegetative  and  the  re- 
productive. The  vegetative  phase  is  characterized 
by  elongated,  branching  filaments  which  may  be 
septate  or  aseptate  (refer  to  the  glossary  for  the 
distinction  between  them).  These  tubular  fila- 
ments are  known  individually  as  hypha,  or  as  "hy- 
phae," when  more  than  one  is  being  considered.  A 
mass  of  hyphae  is  referred  to  as  a  mycelium.  The 
hyphae  have  cell  walls  of  varying  thickness  lined 
with  a  layer  of  cytoplasm,  ^he  thickness  of  these 
walls  may  increase  greatly  jjs  the  fungus  matures. 
Chi  tin  is  the  primary  constituent  of  the  cell  walls 
of  most  of  the  higher  fungi;  while  in  some  forms, 
cellulose  is  probably  the  chief  ingredient  If  cross- 
walls  (septa)  are  formed,  the  hypha  is  divided  into 
cells,  and  each  cell  may  contain  one,  two,  or  sev- 
eral nuclei.  When  cross-walls  are  not  formed 
(aseptate  or  coenocytic  hypha),  the  entire  hyphal 
filament  is  made  up  of  a  single  cell  with  many  nu- 
clei embedded  in  the  peripheral  cytoplasm ,  and 
scattered  fairly  uniformly  throughout  its  mass. 

1-6.  Vegetative  hyphae  have  a  twofold  func- 
tion. They  first  serve  to  anchor  the  fungus  to  the 
substratum — either  by  penetration  of  simple  hy- 
phal filaments,  or  as  in  the  case  of  the  Genus  Rhi- 
zopus,  by  means  of  rootlike  rhizoids  which  permit 
better  adherence  to  the  substratum  and  provide  a 
greater  surface  area  for  direct  diffusion.  The  diffu- 
sion of  enzymes  from  the  fungus  into  the  substra- 
tum converts  nutrient  material  into  simpler  com- 
pounds which  can  be  absorbed  by  the  fungus  and 
used  for  its  growth  and  reproduction.  The  second 
important  function  of  vegetative  hyphae,  then,  is 
the  procurement  of  food. 


Figure  3.    Reproductive  forms  of  Ascomycetes. 
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KINGDOM— Plant 

4 

SUBKINGOOM-Thaltophyta 

PHYLUM-£umycophyta 

SUPER  CLASS-£umycetes^  > 
CLASS: 

Phycomycetes 

•  Ascomycetes 

Basklbmycetes 

Deuteromycetes 

Figure  1.   Classification  of  fungi. 


form  resembling  the  perfect  yeast  form,  shown  in 
figure  3,A. 

1-4.  Cellular  Morphology.  The  microscopic 
morphology  of  the  fungi  shown  in  the  foregoing 
figures  is  an  important  aid  to  identification.  The 


Figure  2.   Asexual  structures  of  Phycomycetes. 

type  of  hypha,  spore  and  spore-bearing  structure, 
and  the  maimer  in  which  these  organs  relate  to 
each  other  in  many  instances  will  give  a  direct,  ac- 
curate diagnosis  of  the  mycotic  agent  under  inves- 


Figure  6.   Varieties  of  thallospores. 


Figure  4. "  Characteristics  of  basidioapores. 

1-7.  The  reproductive  phase  usually  com- 
mences when  the  fungus  has  reached  maturity,  or 
when  it  faces  unfavorable  environmental  condi- 
tions, such  as  temperature  variations  or  lack  of0 
nourishment.  The  reproductive  organ  is  called  a 
spore.  The  spore^may  be  either  unicellular  or  mul- 
ticellular; and  when  released  from  the  mother 
plant,  it  is  capable  of  duplicating  the  species.  Al- « 


though  primarily  reproductive  in  function,  spores 
additionally  serve  to  disperse  the  fungus  and  pro- 
tect it  from  extinction  during  adverse  environmen- 
tal conditions.  Spores  may  be  sexual  (formed  by 
the  fusion  of  two  nuclei)  or  asexual.  Asexual  spec- 
ulation takes  x  place  by  simple'  fission  of  a  single 
nucleus.  Some  fungi  are  capable  of  only  asexual 
sporulation,  whereas  others  have  the  capacity  for 
both  asexual  and  sexual  spore  formation.  Along 
with  characteristic  morphology,  the  way  in  which 
they  reproduce  is  an  important  means  of  classify- 
ing and  identifying  fungi. 
„  1-8.  There  are  three  principal  types  of  asexual 
spores:  the  thallospore  (body  spore),  endospore, 
and  the  ectospore.  The  thallospores  are  further  de- 
lineated into  three  varieties:  the  arthrospore,  bias- 
tospore,  and  chlamydospore.  These  various  forms 
are  shown  in  figure  6.  Arthrpspores  develop  within 
a  septate  hyphal  filament,  shown  in  figure  6,A. 
They  aje  disseminated  by  a  breaking  up  of  the 
spore  chain  thus  formed.  Blastospores,  shown  in 
figure  6,6,  arise  from  simple  budding  of  the  yeast 
or  yeastlike  fungi.  They  may  al$o  develop  directly 
from  true  or  pseudomycelia.  The  chlamydospore, 
shown  in  figure  6,C,  is  a  rounded,  thick-walled 
body  which  is  formed  by  a  vegetative  hyphal  seg- 
ment. It  is  a  highly  resistant,  resting  spore  capable 
of  survival  long  after  the  vegetative  mycelium  has 
lost  its  viability. 

,  ,1-9.  A  second  asexual  type  of  spore,  called, an 
endospore  (see  fig.  2),  is  borne  within  a  saclike 
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Figure  5.   Mold  form  of  Deuteromycetes. 


Figure  7.   Ectos  pores  (microconidium,  macroconidium). 


y  Table  2 

Classification  op  Pathogenic  Fundi  According  to  Macroscopic  ftoiniOLOOY 
THE  YEAST -LIKE  FUNGI 

/ 

Superficial  Fungus  ' 

Trichbaporon  autaneum 
Cutaneous  Fungi 

Candida  a Ibi can  a  *  and  Candida  spp. 
Systemic  Fungi 

Cryptococcus  neoformana 
Geotrichum  oandidum 

MONOMORPHIC  MOLD  FUNGI 

Superficial  Fungi 

Piedraia  hortai 
Pullularia  werneokii 

Cutaneous  (Dermatophytic)  Fungi 

Mioroatporum  spp. 

TrioHophyton  spp,  • 
Epidermophyton  floccoaum 
Keratinomycea  ajelloi 

Subcutaneous  (Chromoblastomycotic)  Fungi 

Cladoeporium  oarrionii  » 
Fonaeaaea  oompaota 
Fonaeoaea  pedvoaoi 
Phialophora  verruooaa 

Subcutaneous  (Maduromycotic)  Fungi 

Allesaheria  boydii 
Madurella  griaea 
Madurella  myoetomii 
Phialophora  jeanaelmei 

Systemic  Fungi  . 

Aotvnomycea  varae  Hi 
Aotinomyoea  bovia 

ftoaardia  aatervides  \  T\ 

Cocoidioidea  irnm-Lt^a  ^ 

DIMORPHIC  FUNGI 

Subcutaneous  Fungi 

Sporotrichum  aohenokii 

SYSTEMIC  FUNGI 

Blastomycea  dermatitidia 
Paracoccidioides  braailienaia 
Hiatoplaama  capaulatum 

^Candida  albicana  has  been  implicated  in  systemic  infections 
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Tabijb  3 

Classification  op  Pathogenic  Fungi  according  to  Mycosis 


My aoaie 


Important  Etiological  Agents 


Maoro9oopia  Morphology 


SUPERFICIAL  j 

Black  Piedra  «  '"X 

Tinea  Nigra  Jm 

Tinea,  Versicolor  ™ 

White  Piedra  

CUTANEOUS 

Candidiasis-   

Tinea  Barbae  

Tinea  Capitis  -  

Tinea  Corporis--  

Tinea  Cruris  

Tinea  Pedis  

SUBCUTANEOUS 
Chromoblas tomycos  is  

Mycetoma,  Actinomycotic-  

Mycetoma,  Maduromycotic  —  

Rhinosporidiosis   

Sporotrichosis  -  * —  - 

""  t  

SYSTEMIC 

Actinomycosis  —  

Blastomycoses  — 

Candidiasis-  —  

Coccidioidomycosis  -  -   

Cladosporiosis  

Cryptococcosis   

Geotrichosis  —  -  -  

Histoplasmosis  

Nocardiosis  -   

Paracoccidioidomycosis  - 


Pz^draia  hortai--    Monomorphic  Mold. 

Pullularia  werneokii   Monomorphic  Mold. 

Mataeeezia  furfur   Unknown  to  date. 

Triahoeporon  outaneum-  ----      Monomorphic  Yeast. 

Candida  albican*  and  other  Candida  spp —      Monomorphic  Yeast. 

Trichophyton  spp   Monomorphic  Mold. 

Miaro9porum  spp   Monomorphic  Mold. 

Trichophyton  spp   Monomorphic  Mold. 

Same  as  Tinea  Capitis   r 

Candida  albican*   Monomorphic  Yeast. 

Epi derm ophy ton  floaooaum   Monomorphic  Mold. 

Trichophyton  spp  w-   Monomorphic  Mold. 

Same  as  Tinea  Cruris  

Cladoeporium  carrionii   Monomorphic  Mo  I'd . 

Pont  •cat  a  aompaata    —  Monomorphic  Mold. 

Poneeoaea  pedrosoi    Monomorphic  Mold. 

Phialophora  verrucosa     Monomorphic  Mold. 

Aotinajhyoss  israelii  r  Monomorphic  Mold. 

Nooardia  asteroides  -    Monomorphic  Mold. 

Nooardia  braeilieneie  %  Monomorphic  Mold. 

Alleecheria  boydii   Monomorphic  Mold.- 

Phialophora  jeanee  Imei  -  -    Monomorphic  Mold. 

Madurella  grieea   Monomorphic  Mold. 

Madurella  myaetomii*  -    Monomorphic  Mold. 

Cephaloeporium  falai forme    Monomorphic  Mold. 

Rhinoeporidium  eeeberii--   Unknown  to  5iate. 

Sporotriahum  achenckii    Dimorphic. 

*  * 

Aatinomyaee  israelii-'    Monomorphic  Mold. 

Bias tomyoee  dermati tidie   Dimorphic . 

Candida  albicans  and  other  Candida  spp —  Monomorphic  Yeast 

COcaidioidea  immitie  -  —  Monomorphic  Mold. 

Cladosporium  bantianum-   Monomorphic  Mold. 

Crytooooaue  neo  for  mane   Monomorphic  Yeast. 

Geo triahum  aandidum   —  Monomorphic  Yeas t . 

Siatoplaama  aapeu  latum   Dimorphic  . 

Nooardia  asteroides  *   Monomorphic  Mold. 

Nooardia  braailienaie-  -   Monomorphic  Mold. 

Par aaoaai  diode e  braai  lieneie   Dimorphic 

i 
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membrane.  The  last  variety  of  asexual  spore,  the 
ectospore,  is  formed  either  directly  on  the  myce- 
lium or  on  a  modified,  supportive  structure  (e.g., 
conidiophore,  sporangiophore).  Ectospores  are  al- 
ways borne  free  (no  inciosure),  vary  greatly  in 
size  and  shape,  and  are  technically,  referred  to  as 
cdnidia.  The  small,  unicellular  type  is  called  a  mi- 
croconidium,  while  the  larger,  multicellular  type  is 
termed  a  macroconidium.  Examples  of  both  types 
<w  *htnvn  in  figure  7,A  and  B,  Almost  all  the 
medically  important  fungi  belong  to  the  class  Deu- 
teromycetes,  in  which  no  sexual  means  of  reprod- 
uction has  been  found,  Therefore,  our  discussion 
of  sexual  sporulation  will  be  limited  to  those  few 
cases  where  specific  identification  demands  it. 


1-10.  Cultural  Properties.  Like  bacteria,  the 
fungi  are  lacking  in  chlorophyll  and  must  rely  on 
some  source  of  available  organic  material  for  food. 
There  are  fungi  which  can  produce  enzymes  capa- 
ble of  breaking  down  nearly  all  the  organic  sub- 
stances known  to  man.  In  some  cases,  their  food  re- 
quirements include  complex  sugars,  proteins,  and 
fats.  Other  fungi  have  little  need  for  preformed 
nutrients  and  can  grow  in  pickle  brine  or  organic 
acids  when  the  necessary  minerals  arc  present  It 
is  not  unusual  to  find  fungi  growing  on  fingerprints 
^ft  on  camera  lenses.  Unlike  the  bacteria,  which 
jprefer  a  slightly  alkaline  pH,  fungi  grow  best  at  an 
"acid  pH,  normally  around  pH  5.6.  Commercially 
^py^pared  Sabouraud's  dextrose  agar,  the  primary 
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isolation  medium  for  most  pathogenic  fungi,  vri 
closely  approximate  this  figure  when  rehydratwd 
for  use.  A  modified  Sabouraud'st  dextrose  agar 
with  pH  6.5  to  6.8  and  containing  antibiotics  has 
been  found  even  more  effective  in  recoving  medi- 
cally important  fungi  on  iqiti^l  isolation.  With  the 
exception  of  members  of  the  genus/ Actinomyces, 
the  pathogenic  fungi  are  aerobic  atid  require  oxy- 
gen for  growth. 

1-11.  Since  the  fungi  and  rriany  bacteria  can 
use  identical  substances  for  growth,  antibiotics 
(chloramphenicol,  cycloheximide)  are  often  incor- 
porated #to  Sabouraud's  dextrose  agar  to  inhibit 
contaminating  bacteria  and  [  saprophytic  fungi 
There  is  one  disadvantage, 
fungi  of  ifiedical  importance 
may  not  be  recovered  from 
biotics  are  present. 

1-12.  There  is  a  considerable  difference  in  the 
growth  rate  between  the  fungi  and  the  bacteria. 
When~cultjiri^g  bacteria,  colony  examination  and 
biochemical  testing  can  usually  be  accomplished 
24  to  48  hourg  after  the  specimen  is  inoculated  to 
media.  The  fungi,  particularly  the  pathogenic 
forms,  may  require;  3  to  5  weeks,  or  longer,  to 
reach  a  growth  state  whiqh  permits  definitive  diag- 
nosis. 

1-13.  From  the  standpoint  of  size,  thp  fungi  are 
relatively  large  in  comparison  to  the  bacteria.  The 
yeasts  (nonfilamentous  fungi)  generally  reach  a 
diameter  of  about  S  or  6  microns,  almost  as  large 
as  an  average  red  blood  cell.  Filamentous  mold 
hyphae  normally  range  in  width  from  5  to  50  mi- 
crons and  may  attain  a  length  of  several  millime- 
ters. 

1-14.  Colony  Morphology.  One  of  the  most  im- 
portant criteria  for  identifying  the  fungi  is  colonial 
appearance.  As  previously  noted,  there  are  two 
basic  fungal  forms:  the  yeasts  (characterized  by 
simple  budding)  and  the  filamentous  molds  (rec- 
ognized by  production  of  innumerable  filamentous 
hyphae).  Certain  fungus  species  of  medical  im- 
portance are  known  to  multiply  only  by  budding, 
regardless  of  whether  they  are  incubated  at  25  °  C. 
or  37°  C.  This  budding  type  of  multiplication  pro- 
duces a  pasty  or  mucoid,  rounded  colony  on  the 
substratum  that  could  easily  be  mistaken  for  bac- 
terial growth.  Fungi  which  propagate  only  by  bud- 
ding are-  designated  monomorphic  (one  form) 
yeasts. 

1-15.  Other  genera  of  medical  importance  are 
known  to  multiply  solely  by  the  protrusion  of  a 
germ  tube  through  the  spore  wall  (spore  germina- 
tion), whether  cultured  at  25°  C.  or  37°  C.  These 
germ  tubes  become  the  long  filaments,  or  hyphae, 
and  they  ultimately  form  the  mycelial  mass  char- 
acteristic of  molds.  Mycelial  growth  is  usually 


quite  rapid,  and  macroscopic  differentiation  from 
the  y6ast  form  presents  no  greVt  problem/The  ae- 
rial hyphae  of  the  mycelium  usually  give  rise  to 
spores  which  are  disseminated  by  air  ^currents  to 
propagate  the  species.  These  filamentous  forms 
that  reproduce  only  by  spore  germination  are  de- 
fined as  the  monomorphic  (one  form)  molds. 

1-16.  Another  group  of  fungi/including  those 
which  cause  some  of  the  mos/  serious  mycotic 
infections  in  man,  possess  the  unique  capability  of 
multiplying  at  37°  C.  in  the/form  of  the  mono- 
morphic yeasts  and  at  25°  jC.  in  the  form  of  the 
monomorphic  molds.  By  exhibiting  this  tempera- 
ture-dependent diphasic / phenomenon,  a  given 
species  of  the  group  can/exist  either  as  a  saprophy.- 
tic  mold  in  nature  or  is  a  parasitic  yeast  form  in 
human  tissues.  These/morphological  variations  are 
reversible  when  incubation  temperatures  are  ad- 
justed, and  many  /times  this  reversibility  assists  in 
accurate  diagnosis.  Those  fungi  capable  of  existing 
in  two  forms  are  known  as  the  dimorphic  (two- 
form)  fungi.  Foldout  l^fletail^A,  (Separate  inclo- 
sure)  shows' typical  colonies  of  dimorphic  fungi, 
and  table  A  lists  representative  species  of  each 
group. 

1-17/  Fungi  as  Agents  oi  Disease.  When  a  per- 
son is/afflicted  with  a  mycotic  infection,  the  condi- 
tion/is normally  referred  to  as  a  mycosis.  Fungi 
can  be  categorized  as  to  the  type  of  tissue  for 
which  they  have  a  natural  affinity.  The  four  cate- 
gories are  as  follows; 

•  Superficial  mycosis. 

•  Cutaneous  mycosis.  . 

•  Subcutaneous  mycosis. 

•  Systemic  mycosis. 


1-18.  The  etiological  agents  of  the  superficial 
mycoses  are  confined  to  the  outermost  layers  of 
the  skin  and  the  hair.  The  superficial  mycoses  are 
generally  the  le^st  serious  of  the  fungus  diseases. 
The  agents  of  the  cutaneous  mycoses,  sometimes 
called  the  dermatophytes,  possess  a  particular  af-. 
finity  for  the  keratin  of  the  skin,  hair,  and  nails. 
They  cause  infections  of  a  more  serious  nature 
than  thfe  superficial  fungi,  including  ringworm 
infections  of  the  feet,  groin,  or  nails. 

1-19.  The  responsible  agents  of  the  subcuta- 
neous mycoses  invade .  muscle  tissue.  These  my- 
cotic infections  are  considerably  more  serious  than 
the  cutaneous  type.  The  agents  of  the  systemic  my- 
coses attack  the  deep  tissues  and  organs  of  the 
body,  often  creating  symptoms,  that  resemble  other 
diseases  of  the  particular  organ  or  tissue  invaded. 
It  is  not  unusual  for  a  person  so  afflicted  to  dem- 
onstrate cutaneous  manifestations,  as  well.  The 
deep-seated  fungal  infections  are  the  most  serious 
encountered  in  medical  mycology.  An  outline  of 
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Table  4 

"Microscopic  Appearance  of  Pathogenic  Fungi  in  Hair  Infections  * 


Microe^cpio  Morphology 

Fungi 

Mycosis 

Black,  hard,  nodules  or  granules 
(mycelium)  firmly  attached  to 
hairlThaft;  asci  with  ascospores 
present  within  nodules. 

— — ;  —  t  1  

Piedraia  hortai 

Black  Piedra,  a  super- 
ficial mycosis 

t 

White,  tan  to  light  brown,  soft 
nodules  (mycelium) ,  loosely  ' 
attached  to  hair  shaft;  arthro- 
spores  and  blastospores  may  be 
seen. 

Triahoeporon  .autanium 

White  Piedra,  a  super- 
ficial mycosis 

j 

Mycelium  an&  arthrospor^  within 
lenaotnrixj  nair  snatt. 

Triahophyton  loudanm*  * 
Trichophy ton  tpn&u^ane 
Triahophyton  violdta&um 
Trichophyton  yaoundai 

Tinea,  a  cutaneous  my,- 
.  vasion) 

Mycelium  within  hair  shaft, 
mycelium  secondarily  breaks  out 
to  surface  of  hair  shaft i  arthro- 
spores  formed  only  on  outside 
"(ectothrix)  of  hair  shaft. 

Miaroeporum  audouinii 
Miaroeporum  aanie 
Micro  eporum  di  9  tor  tun 
Miaroeporum  f errugineum 
Miaroeporum  gypoeum 
Triahophyton  equinum 
Triahophyton  megninii 
Triahophyton  mentagrophytee 
Triahophyton.  rubrum 
Triahophyton  verruaoeum 

Tinea,  a  cutaneous  my- 
cosis (ectothrix  hair  in- 
vasion) 

Mycelium  within  hair  shaft;  no  1 
arthrospores  formed;  hTir  shaft 

usually  contains  fat  droplets .   

and  empty  channels  resulting 
from  ^disintegrating  hyphae . 

Triahophyton  schoenleinii 

Tinea,  a  cutaneous  my?  \ 
cos is  (favic-endothrix  \ 
hair  invasipnl   J 

9 
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the  pathogenic  fungi  according  to  type  of  mycosis 
is  given  in  table  3.  The  type  of  morphism  charac- 
teristic of  the  etiological  agents  is  also  included. 


2.  Collection  and  Processing  of  Specimens 

2-1.  In  medical  mycology,  clinical  laboratory 
procedures  are  directed  toward  the  demonstration,* 
isolation,  and  identification  of  pathogenic  fungi 
found  in  body!  tissue  and  fluids.  Ordinarily,  only 
simple,  inexpensive  equipment  is  required.  The 
site  of  infection  will  dictate  the  type  tif  specimen 
that  can  be  obtained.  For  the  most  part,  specimens- 
received  or  collected  by  the  mycology  laboratory 
will  be  skin,  nail  scrapings,  or  suspect  hairs.  How- 
ever, it  is  well  to  remember  that  the  systemic  fungi 
may  have  cutaneous  manifestations,  and  so  aseptic 
technique  should1  be  used  to  protect  the  laboratory 
workers.  *  ■ 

2-2.  Specimen  Processing.  Skin  and  nail  scrap- 
ings are  used  primarily  to  diagnose  superficial  and 
cutaneous  mycotic"  infections.  The  potassium  hy- 
droxide wet  mount  (described  in  detail  in  the  next 
section  of  this  chapter)  is  used  in  the  examination 
of  these  specimens.  In  essence,  we  transfer  a  small 
fragment  of  the  material  into  a  drop  or  two  of  10 
percent  potassium  hydroxide  (KOH)  or  sodium 


hydroxide  (NaOH)  on  a  clean  glass  slide  and  cov- 
erslip  it  for  microscopic  viewing.  Other  fragments" 
may  be  mounted  in  lactophenol-cotton  blue -and 
(  .  similarly  examined.  Whether  or  not  fungal  ele- 
ments are  observed,  fragments  of  the  material 
should  be  inoculated  routinely  on  two  tubes  of  Sa- 
bouraud's  dextrose  agar — one  to  be  incubated  at 
25°  C.  and  the  other  at  37°  C.  When  growth  de- 
velops, macroscopic  and  microscopic  morphologi- 
cal studies  are  conducted  to  establish  identity. 

2-3.  Two  superficial  mycotic  agents  and  certafa 
of  the  cutaneous  agents  may^  be  isolated  from  hair. 
It  is  best  to  examine  the  suspect  area  of  the  pa- 
tient's scalp  under  a  Wood's  lamp  (ultraviolet 
4ight)  in  a  dark  room  to  detect  hairs  that  fluoresce 
J  with  a  bright,  yellow-green  color.  Pluck  some  of 
the  fluorescing  hairs  and  place  them  in  a  sterile 
petri  dish  unt.l  time  for  examination.  Remember, 
however,  that  tinea  capitis,  caused  by*  most  species 
of  Trichophyton,  and  many  infections  with  Af. 
gypseum  do  not  show  fluorescence.  If  no  fluores- 
cent hair  is  seen,  re-examine  the  patient  under  ordiA 
nary  light  and  pluck  hair  stubs  from  the  edge  of 
the  patches  of  infection.  Hairs  are  cultured  in  the 
same  manner  as  skin  and  nail  scrapings.  If  infec- 
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Table  5 

Routine  Culture  Procedure  for  Sputum 


Culture  Procedure 

Incubation  Temperature 

25*  C. 

'  37*  C. 

Sabouraiid's  dextrose  agar 

2  slants 

2  slants 

Sabduraud's  dextrose  agar 
(ch  and  cy)1 

2  slants 

None  . 

Brain  heart  infusion  agar 
(ch  and  cy) 

2  slants1 

L 

None 

None 

Brain  heart  infusion  agar 
(with  or  without  blood) 

2  slants1 

1  Recommended  antibiotics:  chloramphenicol  (to  inhibit  bac- 
teria); cycloheximide  (to  inhibit  saprophytic  fungi)  < 

1  Some  systemic  fungi  (Htstoplasma  capsulatum)  exhibit  poor 
growth  on  Sabouraud's  dextrose  igar  at  25"  C. 

1  The  yeast  form  of  dimorphic  fungi  may  be  inhibited  at  37"  C, 
If  the  antibiotics  are  present. 

tions  with  Piedraia  hortai  or  Trichosporon  cuta- 
neum  are  supected,  Sabouraud's  dextrose  agar 
without  chloramphenicol  and  cycloheximide 
should  also  be  inoculated.  Both  fungi  are  sensitive 
to  these  antibiotics.  (See  table  40 

2-4.  Although,  pathogenic  fungi  isolated  from 
sputum  are  generally  systemic,  we  should  recall 
that  repeated  isolation  of  saprophytes,  such  as 
Aspergillus  or  Mucor  species,  may  be  of  clinical 
significance.  A  first-morning,  24-hour,  or  3-day 
collection  of  sputum  in  a  clean,  sterile,  wide* 
mouthy  screw-capped  bottle  can  be  used.  Centri- 
fuge the  sputum  and  examine  the  sediment  directly 
-on  a  clean  glass  slide  under  a  coverslip.  First  scan 
under  low  power  and  then  high  power,  using  re* 
duced  illumination.  Because  more  than  one  my- 
cotic agent  may  give  the  same  clinical  signs,  sev- 
eral routine  identifying  steps  should  be  followed. 
After  direct  examination,  use  a  Gram  stain  to 
demonstrate  hyphae  or  blastospotes. x  Fungal 
structures  stain  Gram-positive.  An  acid-fast  stain 
will  demonstrate  the  mycelium  of  Nocardia  spe- 
cies. The  Giemsa  or  Wright  stain  is  useful  for 
Htstoplasma  capsulatum:  An  India  ink  rilount  will 
reveal  the  encapsulated  budding  or  nonbudding 
blastospores  of  Cryptococcus  neoformans.  Regard- 
less of  the  presence  or  absence  of  fungal  struc- 
tures microscopically,  the  sediment  should  be  cul- 
tured under  the  guidelines  set  forth  in  table  5. 

2-5.  The  culture  tubes  should  be  checked  daily 
for  growth.  Subculture  them  if  contaminants 
threaten  to  overgrow  the  inoculated  area.  No  cul- 
ture tube  should  be  discarded  or  reported  as  nega- 
tive for  at  least  4  to  5  weeks.  Growth  at  either  25° 
C.  or  37°  C,  or  both,  and  macroscopic  morphol- 
ogy will  provide  tentative  identification.  Further 
identification  may  be  accomplished  by  specific 
procedures  to  be  covered  in  later  chapters. 


2-6.  Exudates,  body  fluids,  and  body  tissues  re- 
.  quire  special  mention.  Collect  exudates  and  pus 
from  the  active  margin  of  open  abscesses  or  ulcers. 
Material  from  closed  lesions  aspirated  with  a  sy- 
ringe by  a  physician  should  be  inoculated  directly 
to  appropriate  media  or  placed  in  sterile,  screw- 
capped  vials  or  tubes  for  later  inoculation.  Spinal 
fluid  should  be  placed  in  sterile,  screw-capped 
*  tubes.'Other  body  fluids  and  tissue,  such  as  periph- 
eral bloody  urine,  synovial  fluid,  bone  marrow, 
or  biopsy  material  collected  under  aseptic  condi- 
tions, may  be  inoculated  directly  to  culture  media. 
Large  volumes  that  require  centrifugation  to  con- 
centrate them,  or  specimens  that  cannot  be  imme- 
diately processed  can  be  temporarily  stored  in  ster- 
ile, screw-capped  tubes  or  bottles. 

2-7.  The  culture  techniques  used  for  exudates, 
body  fluids,  and  tissues  are  essentially  the  same  as 
those  for  sputum.  Note  in  table  6,  however,  that 
the  etiological  agent  of  rhinosporediosis,  Rhinos- 
poridium  seeberri,  cannot  be  cultured.  The  clinical 
material  in  suspected  cases  must  be  examined  di- 
rectly or  fixed  for  histological  examination. 

2-8.  Preparation  of  Specimens  for  Shipment 
-  For  a  number  of  reasons,  it  is  sometimes  neces- 
sary to  send  4  clinical,  specimen,  or  an  uniden- 
tified fungus  isolate,  to  a  reference  laboratory  for 
further  study.  Breakage  and  possible  contamina- 
tion of  the  container  can  be  avoided  by  proper 
attention  to  packaging.  In  forwarding  cultures,  18- 
x  150-mm.  tubes  should  be  used.  The  growth  of 
many  fungi  is  inhibited  during  prolonged  incuba- 
tion in  screw-capped  tubes;  therefore,  send  these 
specimens  by  airmail  or  by  special  messenger.  Test 
tubes  must  always  be  wrapped  individually  in 
cotton  or  paper  before  placing  them  in  a  metal 
specimen  container.  Any  free  space  in  the  speci- 
men container  is  then  stuffed  with  cotton  or 
other  packing  material  to  prevent  breakage.  The 
specimen  container  is  capped  and  placed  id  a 
cardboard  mailing  carton. 

>  2-9.  Fluid  specimens  obtained  under  aseptic 
conditions,  i.e.,  blood,  spinal  fluid,  or  aspirated 
pus,  may  be  shipped  if  they  are  tightiy  sealed  in 
sterile  vials  or>  tubes  and  carefully  packed.  Hair, 
skin,  and  nail  scrapings,  or  pure  cultures*  of  sus- 
pected pathogens  may  also  be  shipped,  but  urine, 
bronchial  washings,  or  biopsied  tissue  usually  be- 
come quickly  Qvergrown  with  contaminants  in 
transit,  making  the  isolation  of  pathogenic  fungi 
improbable.  Cotton  swabs  should  never  be  mailed 
because  they  will  dry  out.  Of  course,  petri  dishes 
are  subject  to  breakage  and  leakage  and,  thus, 
should  not  be  used  for  mailing  purposes. 

2-10.  Labeling  information  needed  by  the  ref- 
erence laboratory  includes: 

•  The  patient's  name,  age,  and  sex. . 
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Table  6  , 
Specimens  and  Mexu  fo*  Demonstration  and  Isolation  <£f  Fungufkom  > 
Specific  Types  of  IFungus  Diseases 


Disease 

Type  of  Specimen 

Isolation  Medium 

Superficial  Mycoses 
Piedra 

Clipped  hair 

Sabouraud  dextrose  agar  r 

Tinea  nigra 

Skin  scrapings 

Cycloheximide  medium1 

Tinea  versicolor 

Skin  scrapings 

Non  available  at  present 

Cutaneous  Mycoses 
Candidiasis 

Skin  scrapings  M 

Scrapings  from  mucocutaneous  areas 

Vaginal  scrapings 

Cycloheximide  medium 

Sabouraud  dextrose  agar  (for  Candida  spp.  * 
inhibited  by  cycloheximide)  •  \ 

.  Onychomycosis 
Tinea  capitis 
Tinea  corporis 
Tinea  pedis 

Nail  scrapings 
Plucked  hau> 
Skin  scrapings 
ouu  scrapings 

Cycloheximide  medium 

Subcutaneous  Mycoses 
Chromoblastomycosis 

Crust  and  scrapings  from  warty  outgrowths 
Exudate  from  lesions 

Cycloheximide  medium 

Mycetoma 

Pus  from  draining  sinuses 

Aspirated  fluids  from  unopened  sinus  tracts 

Biopsy  specimens 

Sabouraud  dextrose  agar 
BHP  agar 

BHI  (shake  tube  or  anaerobic  plates)  for  A. 
israelii 

Rhinosporidioiis 

Biopsied  nasal  and  ocular  polyps 
Skin  scrapings 

None  available  at  present 

Sporotrichosis 

MM 

Pus  from  ulcers 

Aspirated  fluid  from  subcutaneous 
abscesses 

Cycloheximide  medium 

Systemic  Mycoses 
Actinomycosis ' 

 1 

Pus  from  draining  sinuses 
Aspirated  fluid  from  subcutaneous 

abscesses 
Sputum  * 
Spinal  fluid 

Bronchial  washings  • 

BHI  plates  (anaerobic) 

BHI  (shake  tubes)                        *  . 

> 

Blastomycosis, 
North  American . 

Scrapings  from  edge*  of  skin  lesions 

Pus  from  open  abscesses 
Pus  from  sinus  tracts 
Urine 
Sputum 

Bronchial  washings 

Cycloheximide  medium 
BHI  agar  +  C  &  S* 

BHI  (no  antibiotics  for  37*  C.  incubation  ( 

Blastomycosis, 
South  American 

Scrapings  from  edge  of  skin  lesions 

Scrapings  from  mucous  membranes 

Biopsied  lymph  nodes 

Sputum 

Bronchial  washings 

Same  as  for  North  American  Blastomycosis 

\ 

Candidiasis 

Sputum 

Bronchial  washings 

Spinal  fluid 

Urine 

Stoob 

Cycloheximide  md^m 
Sabouraud  dextrose  agar  (for  Candida  spp. 
inhibited  by  Cycloheximide)  * 
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Table  6  (Cont'd) 


4& 


Disease 

Type  of  Specimen 

Isolation  Medium 

Coccidioidomycosis 

Sputum 

Bronchial  washings 
Spinal  fluid 
Urine 

Scrapings  from  skin  lesions 

Pus  from  draining  abscesses  and  sinuses 

Cychloheximide  medium 

Cryptococcosis 

Spinal  fluid 
Sputum 

Pus  from  accesses 
Pus  from  sinus  tracts 
Scrapings  from  skin  lesions 
Urine  %^ 

Sabouraud  dextrose  agar  +  chloramphenicol 

< 

Geotrichosis 

* 

Sputum 

Bronchial  washings 
Stools 

Sabouraud  dextrose  agar  +  chloramphenicol 

Histoplasmosis 

Blood 

Sternal  marrow 
Sputum 

Bronchjal  washings 
Spinal  fluid 
Pus  from  sinus  tracts 
Exudate  from  ulcers 
Scrapings  from  skin  lesions 

Cycloheximide  medium 
BHI  agar  +  C  St  S 

BHI  (no  antibiotics)  for  37*  C.  incubation 

Nocardiosis 

J 

Sputum 
Spinal  fluid 

Pus  from  abscesses 
Bronchial  washings 

Sabouraud  dextrose  agar  (Incubate  at  both 
room  icxnpcwiiuxv  auu  j  #   w«  j 

Miscellaneous  Mycoses 
/  Aspergillosis 

Sputum 

Bronchial  washings 

Sabouraud  dextrose  agar  +  chloramphenicol 

Mucormycosis 

Sputum 

Bronchial  washings 
Biopsy  material 

Same  as  for  Aspergillosis 

1  Sabooxaud  dextroao  agar  +  chloramphenicol  and  cydoheiimlde. 

•  Brain  Heart  InfnatoL 

»  Chloramphenicol  and  cycloheximide. 

*  Identification  number  or  registration  num- 
ber. 

o  Name  of  the  requesting  physician  and  the 

submitting  facility. 
o  Specimen  origin  and  date  of  collections-^ 
©  Provisional  diagnosis. 

When  cultures  are  submitted,  such  information  as 
type  of  medium,  date  oi  inoculatidn,  and  incuba-* 
tion  temperature  are  extremely  helpful  Additional 
data  which  can  be  of  value,  when  relevant,  are  the 
patient's  record  of  residency  and  travel  in  the 
United  Stages  and  foreign  countries,  arid  the  re- 
sults of  any  skin  or  serological  tests. 
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3*  Mycology  Technique* 

3-1.  The  techniques  used  in  medical  mycology 
are  similar,  in  many  respects,  to  those  used  in 
medical  bacteriology.  That  is  to  say,  we  attempt 
to  plant  an  organism 'on  artificial  culture  media 
and  grow  it  out  in  isolated  colony  form.  The  pure 
culture  can  then  be  studied  from  the  standpoint 
of  its  morphology/physiological  properties,  and 
immunologic  characteristics.  Witjj  the  mycotic  a- 
gents,  however,  much  greater  emphasis  is  placed 
on  differences  in,  colony  appearance  and  details 
of  cell  structure  and  arrangement.  Correspond- 
ingly, less  reliance  is  placed  on  fermentation  reac- 
tions and  serological  tests.  In  this  section,  there- 
fore, we  will  mention  some  of  the  techniques  , 
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designed  to  make  morphological  studies  of  the 
fungi  easier. 

3-2.  General  Considerations.  The  mycologist 
uses  a  stiff,  nichrome  wire  (22-gauge)'  with  the 
last  4  or  5^mm.  bent  at  right  angles  td  the  main 
shaft.  The  wire  is  fixed  firmly  in  a  metal  handle 
for  ease  in  transferring  mycelial  growth.  A  pair  of 
short,  stiff  teasing  needles  are  useful  in  pulling 
apart  dense  mycelium  for 'microscopic  examina- 
tion. TeSt  tubes  of  fairly  large  diameter  (18-  x 
150-mm>Kaffer,d  a  larger  butt,  moire  resistant  to 
drying;  hencXihese-tubes^re  preferable  because 
of  the  longer  period  often  necessary  for  adequate 
fungal  growth.  Tubes  should  have  cotton  plugs  in 
preference  to  screw  caps  because  plugs  permit  ox- 
ygen to  enter  and  also  allow  the  slant  Surface  to 
remain  dry  through  air  exchange  with  the  outside. 
A  dry  surface  gives  better  sporulatkm  and  better 
pigment  production. 

3-3.  Transfer  of  cultures  should  be  done  over 
absorbent  paper  (paper  toweling)  moistened  with 
a  fungicidal  agent.  It  is  also  wise  to  use  a  small 
vial  of  sand  moistened  with  a  fungicidal  agent  to 
remove*  excessive  fungal  material  from  the  wire 
before  you  flame  it.  This  move  prevents  dangerous 
spattering  of  infectious  material  as  the  wire  is  ster- 
ilized in  the  flame. 

3^4.  Wet  Mounts.  The  technique  of  wet  mount- 
ing U'used  for  preparing  specimens  either  from  pa- 
tients or  cultures  for  microscopic  viewing.  The  po- 
tassium hydroxide  (KOH)  wet  mount  is  perhaps 
the  most  widely  used  of  these.  Let's  assume  a  pa- 
tient with  a  lesion  on  his  arm  has  been  sent  to  the 
mycology  laboratory.  We  wash  the  lesion  area 
thoroughly  with  70  percent  alcohol  to  remove  any 
dirt  particles,  bacteria,  and  medication  which 
might  interfere  with  microscopic  examination.  The 
outer,  active  margin  of  the  lesion  may  then  be 
scraped  with  a  sterile  scalpel  blade.  The  scrapings 
are  deposited  directly  into  a  sterile  petri  dish.  We 
transfer  a  small  fragment  of  the  material  into  a 
•4rop  or  two  of  10  percent  KOH  on  a  clean  glass 
sBtfe^and  coverslip  it.  Let  the  preparation  sit  at 
room  temperature  for  15  to  30  minutes  so  that  tis- 
sue and  debris  will  dissolve  in  the  KOH.  Then  ex- 
amine the  slide  under  low,  then  high  magnifica- 
tion. To  save  time,  the  slide  may  be  heated  gently 
for  a  few  seconds  over  a  flame.  *Do  not  boil  the 
KOH.  The  strong  alkali  serves  as  a  clearing  agent, 
making  the  fungal  elements  (spores  and/or  myce- 
lium) more  eisily  discernible.  The  KOH  mount 
informs  us  onfrof  the  presence  or  absence  of  fun- 
gal elements  ffithe  tissue  scrapings.  A  positive 
identification  requires  culturing  and  additional  ob- 
servation of  the  ensuing  growth. 

3-5.  Lactophenol-cotton  blue  wet  mounting 
fluid  is  the  basic  stain  used  in  mycology.  It  serves 
a  threefold  purpose,  pie  lactic  acid  in  it  acts  as  a 
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preservative;  phenol  serves  as  a  fungicidal  or  kill- 
ing agent;  and  cotton  blue  (Poirrier's  blue)  lends 
color  to  the  structures  and  makes  them  more  read- 
ily observable. 

'  3-6.  Ordinarily,  the  specimen  used  for  making 
teased,  wet  mount  preparations  is  obtained  from  a 
ftingus  growing  on  the  surface  of  a  culture  me- 
dium. A  small  quantity  of  the  mycelium  is  re- 
moved with  a  stiff  needle  and  scraped  off  into  1  or 
2  drops  of  lactophenol-cotton  blue  mounting  fluid 
.placed  on  a  clean  glass  slide.  Next,  gently  pull  the 
mycelium  apart  so  that  individual  structures  will 
be  clearly  visible.  Rqueh  handling  will  destroy  the 
all-important  spore-hylhal  relationship,  or  natural 
arrangement,  and  make  identification  difficult 
The  slide  may  now  be  coverslipped  and  examined 
under  the  microscope.  The  slide  can  be  preserved 
for  later  use  by  sealing  the  edges  with  fingernail 
polish  or  varnish. 

3-7.  Some  workers  prefer  the  scotch  tape  wet 
mount  to  the  teased  preparation  because  the 
scotch  tape  technique  is  relatively  simple,  it  sub- 
jects the  fungus  to  considerably  less  trauma,  and  it 
preserves  the  structural  relationship  that  is  essen- 
tial for  accurate  identification.  There  are  two  dis- 
advantages to  this  technique:  Visual  acuity  is  par- 
tially lost  due  to  the  tape  itself,  regardless  of  its 
clarity;  and  tape  does  not  lend  itself  to  the  preser- 
vation of  slides  for  future  study  because  there  is  a 
tendency  for  the  tape  to  loosen.  A  piece  of  clear 
scotch  tape  (not  magic  tape)  approximately  1  sq. 
cm.  in  size  is  used.  We  unplug  the  tube  containing 
the  fungal  growth  and  touch  the  sticky  surface  of 
the  scotch  tape  to  the  mycelium  with  forceps.  The 
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Figure  9.   Procedure  for  slide  cultures. 


tape  is  then  placed  (sticky  surface  down)  on  top 
of  1  or  2  drops  of  Iactophenol-cotton  blue  on  a 
clean  glass  slide.  Press  the  tape  gently  but  firmly 
against  the  glass  slide.  The  mount  may  then  be  ex- 
amined microscopically. 

3-8.  The  India  ink  wet  mount  technique  is  used 
primarily  to  detect  Cryptococcus  neojormans  in 
spinal  fluid,  but  other  body  fluids  may  be  similarly 
examined.  After  we  centrifuge  the  specimen,  we 
transfer  a  loopful  of  the  sediment  to  a  clean  glass 
slide  and  mix  the  material  with  a  small  drop  of  un- 
diluted India  ink.  After  coverslipping,  we  examine 
the  slide  microscopically.  Since  the  ink  is  unable  to 
penetrate  the  large  capsule  surrounding  Crypto- 
coccus neojormans,  the  capsule  appears  as  a  clear 
disc  against  a  black  background.  We  also  see  a 
centrally-located  dense,  single  or  budding  cell 
within  the  disk.  Figure  8  provides  an  example. 
The  sole  purpose  of  the  India  ink  is  to  reveal  the 
capsule  of  C.  neojormans  as  an  aid  to  accurate  di- 
agnosis. If  the  wire  loop  is  used  for  mixing  spinal 
fluid  and  ink,  allow  the  wire  to  cool  sufficiently  to 
prevent  precipitation  of  the  ink  by  heat. 

3-9.  Culture  Methods*  There  are  three  prin- 
cipal techniques  used  in  cultivating  the  fungi:  the 
routine  tube  or  bottle  culture,  the  slide  culture, 
and  cut-streak  inoculation  of  plated  media.  Nor- 
mally, the  routine  tube  or  bottle  culture  is  used  to 
isolate  fungi  from  clinical  specimens.  Although 
cotton-plugged  tubes  are  recommended  for  the 
reasons  we  have  previously  mentioned,  4-ounce 
prescription  bottles  with  screw  caps  are^  used  suc- 
cessfully by  some  workers.  Petri  dishes  are  unac- 
ceptable tqr  cultures  since  highly  virulent  spores 


are  readily  disseminated  by  air  currents  when  the 
lid  if  removed.  Cultures  incubated  at  37°  C.  tend 
to  dry  out  rapidly,  so  large  tubes  (18-  x  150-nuii. 
or  even  25-  x  150-mm.)  containing  more  media 
are  preferred.  Sabouraud's  dextrose  agar  is  the 
jnost  widely  accepted  medium  for  initial  isolation. 
It  is  prepared  in  slant  form.  . 

3-10.  Chloramphenicol  or  cycloheximide,  or 
both  of  these  inhibitory  substances,  may  be  added 
to  the  medium  as  recommended  in  table  6  to  re- 
tard growth  of  contaminants.  The  clinical  material 
is  inoculated  with  the  22-gauge  nichrome  needle 
by  making  two  or  three  deep  cuts  into  the  medium 
at  about  the  midpoint  of  the  slant  surface.  At  least 
two  tubes  should  be  inoculated  in  order  to  permit 
incubation  at  both  25°  C.  and  37°  C.  Be  sure  that 
all  tubes  are  properly  labeled  prior  to  incubation. 

3-11.  GrQfls^xamination  of  inoculated  tubes 
should  be  carried  out  on  a  routine  daily  basis.  The 
following  growth  characteristics  aid  appreciably  in 
the  final  identification  of  the  fungus:  rate  of 
growth,  colony  size,  and  surface  topography  (flat, 
heaped,  folded,  or  smooth);  texture  (yeastlike, 
glabrous,  powdery,  granular,  velvety,  of  cottony); 
and  surface  pigmentation  on  both  front  and  re- 
verse sides  of  the  slant. 

3-12.  Using  either  the  teased  or  scotch  tape  wet 
mount,  we  can  now  examine  the  colony  micro- 
scopically. It  may  be  possible  to  identify  tne  fungus 
by  this  direct  examination  if  spores  or  other  diag- 
nostic structures  are  present.  Otherwise,  additional 
procedures  may  be  necessary,  i.e.,  slide  cultures 
for  maintaining  structural  relationships,  and  spe- 


13 


Inoculation  Cuts 


Figure  10.   Procedure  for  cover-slip  over  cut  of  Candida 
albicans. 

cial  media  conductive  to  sporulation  or  production 
of  other  diagnostic  structures.  If  facilities  are 
available,  physiological  testing  and  animal  inocula- 
tion may  be  used  to  help  arrive  at  final  identifica- 
tion of  die  mycotic  agent 

3-13.  If  a  teased  or  scotch  tape  mount  fails  to 
yield  sufficient  information  for  identification,  or  in 
the  event  that  permanent  study  slides  are  desired, 
the  slide  culture  for  monomorphic  molds  can  be 
set  up.  This  procedure,  shown  in  figure  9,  uses  a 
\  petri  dish  containing  a  bent  glass  rod,  a  coverslip, 
and  an  ordinary  microscopic  slide, 'all  of  which 
have  been  wrapped  in  metal  foil  and  sterilized. 
With  a  sterile  scalpel  blade,  cut  approximately  l 
square  centimeter  of  medium  from  a  plate  of  Sa- 
bouraud's  dextrose  agar  or  potato  dextrose  agar. 
Place  it  aseptically  on  the  center  of  the  micro- 
scopic slide  atop  the  bent  glass  rod  within  the*petri 
dish.  Inoculate  each  of  the  four  sides  of  the  square 
of  medium  by  making  a  cut  of  about  1  millimeter 
into  the  medium.  Cover  the  square  of  inoculated 
medium  with  the  coverslip  and  add  8  to  10  drops 
of  sterile  water  to  the  bottom  of  the  petri  dish.  Re- 
place the  top  of  the  petri  dish  and  incubate  the 
culture  at  25°  C.  until  growth  appears. 

3-14.  The  slide  culture  may  be  examined  mi- 
croscopically without  disturbing  the  coverslip. 
When  the  desired  stage,  of  growth  has  been 
reached,  a  lactophenol-cotton  blue  preparation 
may  be  made  by  gently  lifting  the  coverslip  (with 
its  adhering  fungus)  and  laying  it  on  a  microscopic 
slide  holding  1  or  2  drops  of  the  dye.  Permanent 
moimts  can  be  made  by  blotting  the  excess  dye 
around  the  edges  of  the  coverslip  and  sealing  the 


coverslip  with  fingernail  polish  or  varnish.  Highly 
virulent  molds  should  not  be  grown  in  slide  culture 
because  of  the  danger  of  infection  to  persons  han- 
dling them. 

3-15.  The  cut  streak  inoculation  for  yeastlike 
fungi  is  used  for  microscopic  observation  of  undis- 
turbed yeast  structures,  especially  the  chlamydo- 
spores  of  Candida  albicans.  It  is  essential  that  a 
medium  conducive  to  chlamydospore  production 
be  used.  Among  these  media  are  corn-meal  agar 
with  1  percent  tween  80,  and  commerical  chlamy* 
dospore  agar.  With  a  heavy  inoculating  needle, 
some  of  the  suspect  material  is  inserted  into  the 
medium  by  cutting  to  the  bottom  of  the  plate. 
^Make  the  cut  at  an  angle  of  45°  to  allow  greater 
*  area  for  growth  beneath  the  agar  surface.  The  cut 
must  extend  across  the  plate. 

3-16.  Place  a  sterile  coverslip  over  the  cut,  as 
we  have  shown  in  figure  10.  As  many  as  four 
or  five  specimens  may  be  cut  into  the  same  plate 
to  conserve  agar,  and  one  of  these  inocula  should 
be  a  positive  control  consisting  of  a  known  cul- 
ture of  C.  *  albicans.  The  dish  is  incubated 
25°  C.  or  room  temperature  for  at  least  2  days. 
Some  yeasts  produce  fruiting  structures  more  plen- 
tifully under  microaerophilic  conditions,  as  under 
the  coverslip  and  down  in  the  medium.  Others  are 
found  away  from  the  coverslip  on  the  surface  of 
the  plate,  e.g.,  arthrospores,  blastospores,  hy- 
phae,  and  pseudohyphae.  Unless  sufficient  growth 
adheres  to  the  coverslip,  the  preparation  of  per-  * 
manent  mounts  by  the  cut-streak  tecjfoique  is  not 
oossible. 

3-17.  Safety  Precautions.  Ideally,  every  labora- 
tory performing  diagnostic  work  in  mycology 
should  be  equipped  with  a  bacteriological  safety 
hood  operating  under  negative*  air  pressure  to 
draw  fungus  spores  away  from  the  technician, 
should  they  become  airborne.  Since  possession  of 
a  hood  is  probably  the  exception  rather  than  the 
rule,  it  serves  <o  emphasize  the  extreme  import- 
ance of  exercising  fhe  most  careful  aseptic  tech- 
nique. All  the  precautions  taken  in  bacteriological 
work  are  equally  applicable  to  mycology.  Remem- 
ber, too,  what  we  stated  earlier  about  transferring 
cultures  over  a  disinfectant-soaked  towel,  and  how 
to  avoid  spattering  when  you  flame  the  wire  nee- 
dle. Probably  a  good  rule-of-thumb  is  to  handle 
each  specimen  as  if  it  contained  a  highly  virulent 
mycotic  agent.  In  the  event  of  an  accident,  such  as 
'  splashing  of  inlcctious  material  into  the  eye  or  on  } 
open  skin,  report  this  immediately  to  a^physician. 
If  you  drop  a  culture,  cover  the  debris  with  disin- 
fectant As  with  any  other  type  of  accident  in  mi-  ' 
crobiology,  use  good  judgment  and  be  prepared  to 
institute  decontamination  measures  immediately. 


CHAPTER  2 
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I 

The  Yeastlike  Fungi  and  the  Monomorphic  Molds 


ALTHOUGH  THEvyeastlikc  fungi  have  many 
h  morphological  and  physiological  characteris- 
tics identical  to  the  true  yeasts,  they  differ  in  that 
the  former  lack  the  ability  to  reproduce  sexually. 
All  the  fungi  in  this  grbup  produce  moist  colonies 
with  a  creamy  consistency,  at  least  in  their  "early 
growth  phase.  These  organises  are  fundamentally 
unicellular  in  nature,  however,  some  members 
produce  both  a  pseudpmycelium  and  a  true  myce- 
lium. The  medically  important  yeastlike  fungi  will 
be  discussed  in  the  opening  section.  The  remain- 
der of  the  chapter  will  consider  the  monomorphic 
molds. 

2.  The  monomorphic  molds  multiply  only  W 
filamentous  form,  regardless  of  whether  their  envi- 
ronmental temperature  i$  25°  C.  or  37°  C.  Growth 


or  systemically  to  alter  susceptibility  to  infection. 
Some  of  the  conditions  permitting  these  ppportun- 
istic  organisms  to  cause  disease  include  traumatic 
injury,  chronic  debilitating  and  metabolic  diseases, 
and  the  increased  use  of  steroids  arid  antibiotics. 
In  order  to  firmly  establish  the  taxonomic  rela- 
tionship of  the  yeastlike  fungi,  you  are  referred 
to  table  7. 

4-2.  Isolation  and  Identification.  As  in  all 
phases  of  medical  mycology,  the  clinical  material 
is  examined  directly  in  wet  preparation  for  the 
presence  of  large,  unicellular  budding  cells  and, 
pseudo  or  true  mycelium.  Candida  species  repro-l 
ducc  primarily  by  means  of  simple  budding,  but  \ 
they  have  the  ability  to  form  pseudo  and  true  my-  \ 
celium.  "Pseudomycelium"  is  the  term  appUedLrV 


is  characterized  by  tubular  branching  septate  J*y*^whc*  *»  daughter  ^  fail?  to  dctach  bom.  M 


phae  which  intermingle  to  form  a  mass  of  myce- 
lium on  artificial  media  as  well  as  natural  sub- 
strate. The  aerial  hyphae  develop  modified 
branches,  called  phores,  upon  which  a  diversity 
of  conidia  are  proliferated.  Generally,  mold  growth 
is  dry  and  dusty,  particularly  after  sporulation. 
The  majority  of  fungi  pathogenic  fo^nan  are 
monomorphic  molds. 

3.  We  will,  cover  the  clinical  aspects  and  labo- 
ratory diagnosis  of  the  monomorphic  molds 
commencing  with  the  least  severe  superficial 
forms.  The  dermatophytes  (cutaneous  mono- 
morphic molds)  and  the  subcutaneous  agents  will 
be  discussed  from  the  same  standpoint  A  section 
regarding  the  deep-seated  diseases  caused  by  the 
systemic  monomorphic  molds  will  complete  this 
chapter. 

4.  Tha  Pathogenic  Yoastlik©  Fungi 

4-1.  Patnogehic  species  of  the  yeastlike  fungi 
are  frequently  recovered  from  clinical  specimens, 
such  as  skin  scrapings,  sputum,  mucocutaneous 
swabs,  and  feces  obtained  from  individuals'  who 
demonstrate  no  adverse  symptomatology.  This 
means  that  the  organisms  are  present  in  or  on  the 
host  but  do  not  become  invasive  or  toxic  unless 
certain  physiological  changes  occur  either  locally 


mother  cell.  If  this  process  is  repeated  a  chain  of 
daughter  cells  may  result,  forming  a  fragile  fila-l 
ment  closely  resembling  true  mycelium.  True  my-V 
celium  is  formed  by  septation  of  a  germ  tube 
developed  from  a  mother  cell.  Quite  similar  to  the 
true  yeasts  are  the  members  of  the  Genus  Cryp- 
tococcus.  All  members  of  this  genus  have  the  a- 
bility  to  encapsulate,  and  reproduction  is  solely 
by  simple  budding.  Geotrichum  spp.  never  repro- 
duce by  simple  budding  and  therefore  are  the 
most  atypical  of  the  yeastlike  group.  Instead,  true 
mycelium  which  readily  breaks  up  into  rectangu- 
lar arthrospores  is  formed.  The  Genus  Tricho- 
sporon  reproduces  by  means  of  blastospores, 
and  the  formation  of  a  true  mycelium  which  frag- 
ments into  arthrdspores.  Members  of  the  Genus 
Pityrosporum  are  unicellular,  reproducing  only  by 
means  of  simple  budding.  The  buds  are  sepa- 
rated from  the  mother  cell  by  a  cross-wall,  which 
makes  identification  relatively  simple.  If  any  of 
these  yeastlike  structures  are  seen  in  direct  prep- 
aration of  the  specimen,  cultural  studies  must  be 
instituted.  - 

4-3.  Cultivation.  It  is  essential  that  organisms 
be  isolated  in  pure  form  in  order  for  you  to  per- 
form accurate  morphoiogicol  procedures  and  other 
tests  that  may  be  necessary.  Probably  the  best 
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Table  7 
Classification  of  the  Yeast  Use  Fungi 

CLASS:     BBUTEROMYCETES   (.FUNGI  iMPEKFtCTiJ 
ORDER:  PSEUDOSACCAROMYCETALES 
FAMILY:  CRYPTOCOCCACEAE 

Sub-Family  I  -  -Cryptococcoidiae 

A.  Genus  -  Cryptooocoue 

B.  Genus  -  Pityroeporum 
Sub-Family  II  -  Candidoideae 

A .  Genus  -  Candida 

B.  Genus  -  Trichoeporqyx 

C.  Genus  -  Geotriohum 

method  of  separating  mixed  yeast  populations  is  to 
inoculate  the  specimen  into  a  tube  of  Sabouraud's 
dextrose  broth.  This  broth  is  identical  to  Sabour- 
aud's dextrose  agar,  except  it  contains  no  agar  and 
will  not  solidify.  It  is  available  in  dehydrated  form. 
After  overnight  incubation  at  37°  C,  the  tube  is 
gently  shaken  and  a  loopful  streaked  to  a  blood 
agar  plate.  Following  24  or  more  hours  of  incuba-' 
•  tion,  colonies  of  different  types  are  picked  and  in- 
oculated on  slants  of  Sabouraud's  dextrose  agar 
for  incubation  at  37°  C.  Hie  growth  from  individ- 
ual colonies  should  now  be  in  pure  form  on  the 
Slants.  In  order  to  prevent  bacterial  growth,  a 
0.05-mg./ml.  cbncentration  of  chloramphenicol 
should  bb  incorporated  into  the  medium,  while  the 
addition  of  cycloheximide  in  a  concentration  of 
0.5  mg./ml.  will  prevent  the  growth  of  saprophytic 
fungi.  Dehydrated  media  containing  the  abfave 
constituents  in  proper  concentration  are  available. 
If  bacterial  overgrowth,  still  results,  fo*  tubes  of 
Sabouraud's  dextrose  broth  to  Which  1  drop,  2 
drops,  3  drops,  and  4  drops  of  N  HCL  have  been 
added,  respectively,  are  inoculated  with  the  origi- 
nal isolate.  After  overnight  incubation  at  37°  C,  a 
loopful  6f  broth  is  transferred  from  the  acid  lube 
showing  no  bacterial  growth  to  a  blood  agar  plate. 
Following  overnight  incubation  at  37°  C,  colonies 
are  picked  for  inoculation  to  Sabouraud's  dextrose 
agar. 

4-4.  Examination  of  pure  cultures.  Pure  cul- 
tures of  the  yeastlike  fungi  must  be  studied  micro- 
scopically to  determine  what  structures  are  present. 
The  absence  of  mycelium  is  indicative  of  a  species 
of  Candida,  Cryptococcus,  or  a  true  yeast.  The 
presence  of  mycelium  with  bother  arthrospores  and 
blastospores  is  strongly  suggestive  of  the  Genus 
Triqhosporon.  When  only  arthrospores  are  formed 
the  unknown  is  most  likely  Geotriohum  candidum. 
When  the  growth  is  very  slimy  and  mucoid,  and 


only  encapsulated  blastospores  are  seen  micro- 
scopically, it  is  likely  to  be  a  Cryptococcus  spp.  A 
defmitive. -identification,  however,  is  based  on  a 
combination  of  physiological  and  biological  tests 
which  will  be  discussed  later  in  this  section.  If 
Candida  albicans  is  suspected  as  a  result  df  finding 
blastospores,  pseudo  and  true  mycelium  in  wet 
preparation,  the  growth  should  be  inoculated  to 
chlamydospore  or  corn  meal  agar  plus  1  percent 
tween  80  using  the  cut  streak  technique  described 
in  Chapter  1. 

4-5.  Candida  Albicans,  Candidiasis,  formerly 
known  as  Moniliasis,  is  the  disease  caused  by  Can- 
dida albicans.  This  organism  has  no  geographic 
limitation,  however,  in  regions  of  the  world  where 
carbohydrates  makeup  a  large  portion  of  the  diet 
and  profuse  sweating  is  commonplace,  th&Jncid- 
ence  of  infection  is  greater  than  elsewhere/  the 
fungus  is  a  normal  inhabitant  of  the  intestinal 
tract,  and  its  incidence  of  that  region  of  the  body 
has  been  shown  to  increase  with  age.  Since  Can- 
dida albicans  ian  be  found  at  some  point  in  or 
upon  almost  all  humans,  Candidiasis  infections  are 
considered  endogenous  in  origin:  The  organism  is 
usually  classified  as  a  cutaneous  fungus,  and  its 
occurrence  in  systemic  diseases  was  for  many 
years  a  rarity.  The  therapeutic  use  of  steroids  and 
antibiotics  over  extended  perjods  has  resulted  in  a 
significant  increase  in  systemic  infections. 

4-6.  Candida  albicans  has  a  particular  affinity 
for  the  mucous  membranes  of  the  oral  cavity 
where  it  produces  confluent  or  discrete  patches 
that  bleed  quite  readily.  This  form  of  the  disease  is 
called  thrush.  It  is  found  in  newborn  infants  who 
probably  were  infected  during  passage  through  the 


Figure  1 1 .   Candida  albicans. 


Table  8 
Differentiation  of  Species 


Morphology  on 
Corn  Meal  Agar  +  1%  tween  80 
or  Chlamydospore  Agar 

Cut-streak  plate 

Sabouraud 
dextrose  broth 

Growth 
characteristics 

Sugar* 

Sugar  Assimilation 

Species 

fermentation 
reactions 

0 

I 
I 

o 

o 

0 
a 

g- 

Sucros 

*  

D 

M 

S 

L 

a 

a 

a 

a 

a 

a 

a 
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C.  albicans 

Irregular  or  spherical  clusters  of 
blast o spores  of  septa.  Chladtodo- 
spores  single  or  in  clusters.  May 
"  be  very  numerous  (chlamydo spores 
do  not  develop  at  37°  C.) 

No  surface 
growth 

Ag 

Ag 

A 

"  or 
O 

O 

4- 

4- 

O 

4- 

O 

4- 

C.  guilliermondli 

Very  fine  mycelium.  Small  clusters 
of  bias  to  spores  at  the  septa. 

* 

No  surface 
growth 

O 
or 
Ag 

O 

O 
or 
Ag 

O 

4- 

4- 

6 

n 

4- 

4- 

C.  krusei 

Elongate  cells  forming  a  branched 
mycelium  easily  disintegrated. 
"Crossed  sticks"  at  septa. 

Wide  surface 
film 

Ag 

O 

O 

O 

O 

o 

o 

o 

O 

C.  parapsllosis 

Fine  and  course  mycelium  (giant 
form*).  Blastospores  single  or 
in  short  chains  at  septa  or  distal 
ends  of  cells. 

No  surface  . 
growth 

Ag 

6r 
A 

o 

or 
A 

O 
or 
A 

O 

4- 

4- 

o 

o 

4- 

C.  pseudotroplcalis 

Very  elongate  cells  which  readily 
fall  apart  and  lie  parallel. 
"Logs  in  stream". 

No  surface 
growth 

Ag 

O 

Ag 

Ag 

4- 

4- 

♦ 

o 

4- 

4- 

C.  stellatoidea 
(probably  a 
variant  of  C. 
albicans) 

More  extensive  mycelium  with  irre- 
gular or  spherical  clusters  of 
blastospores  at  septa.  Chlamydo  - 
spores  rare  (may  show  a  support- 
ing cell). 

No  surface 
growth 

Ag 

Ag 

A 

or 
O 

O 

* 

* 

o 

* 

o 

O 

C.  tropical  is 

I 

Blastospores  anywhere  along  myce- 
lium or  in  irregular  clusters. 
Chlamydo  spores  very  rare. 

Narrow  surface 
film  with 
bubbles 

Ag 

Ag 

Ag 

O 

o 

* 

o 

4- 

J»  D  »  dextrose  M  =  maltose  S  =  sucrose  L  =  Uctose 


ERIC  ;  45  J 


vagina  .  where  Candida  albicans  exists;  generally 
^asymptoniatically,  in  a  large  number  of  women. 
Thrush  is  ,also  common  in  diabetics,  people  on 
prolonged  corticosteroid  or  antibiotic  therapy,  and 
the  aged. 

4-7.  Another  form  of  the  disease,  vulvovaginal 
candidiasis,  occurs  sometimes  in  diabetic  and 
pregnant  women,  probably  due  to  the  higher  sugar 
content  of  lhe  urincor  vaginal  secretions.  The  dis- 
ease may  develop  wherever  two  skin  surfaces  are 
in  contact  over  such  long  periods  that  perspiration 
cannot  evaporate.  The  breakdown  of  urea  in  the 
perspiration  to  ammonia  results  in  chemical  irrita- 
tion and  allows  the  organism  to  become  invasive. 
Candida  albicans  is  a  common  invader  of  the  nails 
and  toes.  It  causes  a  wet,  weeping  variety  of  tinea 
pedis  (athlete's  foot). 

4-8.  Pulmonary  candidiasis  is  sometimes  diag- 
nosed in  conjunction  with  some  other  respiratory 
disease.  This  is  considered  a  secondary  invasion  by 
the  fungus.  Endocardial  candidiasis,  encountered 
in  drug  addicts  who  fail  to  sterilize  their  needles 
and  syringes,  is  a  disease  similar  to  subacute  bac- 
terial endocarditis.  One  last  form  of  infection,  dis- 
seminated candidiasis,  involves  the  vital  body  or- 
gans. It  is  generally  associated  with  the  terminal 
stages  of  some  other  fatal  disease. 

4-9.  Laboratory  identification  of  Candida  albi- 
cans first  involves  the  direct  microscopic  examina- 
tion of  clinical  material,  such  as  skin  and  nail 
scrapings  in  a  potassium  hydroxide  wet  mount. 
-  Mucosal  scrapings  are  examined  either  on  a 
Gram-stained  smear  or  in  wet  mount  using  lacto- 
phenol  cotton  blue.  The  sediment  of  specimens 
such  as  spinal  fluid,  bronchial  washings,  and  spu- 
tum are  examined  similarly.  If  the  typical  picture 
of  budding  yeast  cells  and  mycelium  pinched  in  at 
the  septations  is  seen,  a  preliminarily  report  of 
"Forms  suggestive  of  Candida"  is  indicated.  In 
such  cases  it  is  helpful  to  the  physician  to  indicate 
the  number  of  organisms  per  microscopic  field. 
See  figure  11. 

4-10.  The  young  colonies  on  Sabouraud's  dex- 
trose agar  at  37°  C.  are  white,  soft,  and  generally 
have  smooth  surfaces  and  borders.  Older  colonies 
frequently  show  a  fringe  of  submerged  mycelium 
appearing  as  feathery  outgrowths  deep  in  the  agar. 
See  detail  B  of  foldout  1  for  the  macroscopic  mor- 
phology of  C.  albicans  on  Sabouraud's  dextrose 
agar.  If  microscopic  examination  of  wet  mounts 
reveals  structures  suggestive  of  Candida,  it  is  then 
essential  to  establish  whether  or  not  the  culture  is 
C.  albicans  or  a  saprophyte. 

4-11.  There  are  several  procedures  which  may 
be  used  to  confirm  identification  of  C.  albicans. 
Probably  the  most  common  is  the  demonstration 
of  chlamydospores,  using  the  cut  streak  technique 
described  in  Chapter  1.  If  the  cut  streak  procedure 
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fads  to  demonstrate  chlamydospores,  sugar  fer- 
mentation and  assimilation  tests  shown  in  table  8 
should  be  accomplished  for  positive  identification. 

•  4~J>2'  ,An^ther'  more  rapid  method  of  identify- 
ing C  albicans  is  based  on  the  fact  that  this  fun- 
gus, alone,  will  form  germ  tubes  on  Levine's  eo- 
sui-methylene  blue  medium  when  incubated  at  37° 
C.  in  a  candle  jar.  The  medium  should  be  streaked 
with  the  suspect  organism  as  well  as  a  known  posi- 
tive control  of  C.  albicans.  The  jar  may  be  opened 
after  4  to  6  hours  of  incubation  and  the  colonies 
examined  for  the  formation  of  germ  tubes  by  the 
yeast  cells  of  Candida  albicans.  If  there  is  no  germ 
tube  formation  evident  in  the  unknown,  the  cul- 
UhS  bC  reiDCubated  md  examined  again  after 

4-13.  Serological  and  animal  pathogenicity  tests 
are  of  no  value  in  the  laboratory  diagnosis  of '  Can- 
dida  albicans.  Candida  spp.  other  than  albicans 
are  rarely  agents  of  disease  and  their  identification 
is  usually  not  necessary  in  diagnostic  work  One 
exception  occurs  in  cases  where  the  organism  is 
repeatedly  isolated  from  clinical  material  that  is 
normally  sterile,  or  when  no  other  recognized 
pathogenic  organism  has  been  recovered  from  the 
lesion  or  diseased  clinical  material. 

4-14.  Cryptococcus  Neoformans.  Cryptococ- 
cosis formerly  known  as  torulosis,.  European  blas- 
tomycosis, or  Busse-Buschkes  disease,  is  world- 
wise  in  distribution  in  both  animals  and  man.  The 
causative  agent,  Cryptococcus  neoformans,  has  a 
particular  affinity  for  the  central  nervous  system- 
however,  skin,  bones,  and  other  organs  may  also 
be  infected.  Its  prevalence  is  probably  underesti- 
mated as  a  result  #  failure  to  suspect  its  presence. 
C.  neoformans  has  been  recovered  from  areas  in 
or  upon  the  bodies  of  many  individuals  who  indi- 
cate no  adverse  symptomology.  In  the  1950s  it 
was  discovered  that  C.  neoformans  is  saprophyti- 
cally  associated  with  pigeon  droppings  found 
under  roosting  sites.  • 

4-15.  Inhalation  of  spores  borne  on  dust  parti- 
cles (causing  pulmonary  cryptococcosis)  is  by  far 
the  most  common  portal  of  entry.  C.  neoformans 
has  also  been  cultured  from  the  blood  of  infected 
patients.  Some  workers  are  of  the  opinion  that 
meningitis  may  result  directly  from  a  nasopharyn- 
geal involvement.  At  the  present  time,  proof  is 
laciang  that  a  primary  cutaneous  form  of  the  dis- 
ease occurs.  Pr.mary  pulmonary  cryptococcosis 
gives  rise  to  chronic  lung  infections.  Although  the 
pulmonary  disease  may  prove  fatal,  dissemination 
to  the  central  nervous  system  usually  occurs  first. 
It  is  likely  that  many  pulmonary  cryptococcosis 
infections  go  undetected  and  heal  spontaneously, 
as  is  the  case  with  some  of  the  other  deep  my- 
coses. Disseminated  cryptococcosis  generally  in- 


the  clinical  material  should  be  cultured  $abpur- 
aud's  dextrose  agar  without  cycloheximidiP,  as  C. 
neoformans  is  sensitive  to  this  antibiotic.  Inocula- 
tion of  an  enriched  medium  such  as  blood  or  brain 
heart  infusion  agar  is  also  reromniended.  Usually, 
the  saprophytic  cryptococci  arc  unable  to  grow  at 
37°  C.  It  should  not  be  assumed,  on  the  other 
hand,  that  any  Cryptocpccus  wWch  grows  at#7° 
C  is  C,  neoforiru^  certa^  saprophytic 

strains  do  not  conform  to  this  pattern.  The.  co^ 
;  rial  morphology  niay  take  10  to  14  days  to  de- 
velop ^ 

possible.  The  colonies  are  white  or  cream  to  fan, 
and  soft  and  creamy  ^  See  foldout  1,  de- 

tail C  K  capsular  material  is  produced,  the  colo- 
nies are  slimy  or  mucilaginous. 
^  4-18.  When  growth  is  ai^uate  there  are  other 
tests  useful  in  identifying  C  neoformans.  Only 
members  ct  the VG&ttus  Cryptoooccus  have  the 
ability  to  produce  urease,  and  on  this  basis  the 
"    Figure  12,  Cryptococcus*  ncoform ins,  cryptococci  may  be  separated  from  the  true  yeasts 

.  %  #         .       /£nd  other  yeastlike  fungi.  In  order  to  determine 

volves  the  central  nervous  system.  Tie  spinal  fluid    V^vhether  the  Cryptococcus  spp;  is  C.  neoformans 
is  discolored  .a  dirty  yellow;  the  protein  and  cell     0r  a  saprophytic  "form  requkes  further  ^ 
count  elevated  (predominately  lymphocytes) ,  and     neoformans  differs  from  the  saprophytic  crypto- 
the  sugar  is  reduced.  cbccrin  its  pattern  of  nitrate  and  sugar  assimila- 

4-16.  Direct  examination  of  clinical  materials  tibft seen  in tkble i  9.  A  pathogeiucity  test  iisinjg 
such  as  sputum,  urine,  or  spinal  fluid  is  accom-  mice  inoculated  intracerebrally  may  be  jjped  iii- 
phsbed  with  tiw*  India  ink  wet  mount.  (See  fig.  stead  of  the  niteate  and  sug^  assimilation  tests. 
w£)  It  the  Volume  of; 

i  lens  should  be  centrifuged  and  the  sediment  used  the  gelatinous  brain  material  examined  for  encap- 
ih  making  the  preparation.  sulated,  budding  yeast  cells.  Sdrolo^c^  testing  has 

vW7.  Regardlfcs  of  the  microscopic  findings,     ptovedrf^  C  ^ 


Differentiation  of  Cmvrroccoccus  Neoformans  f»om  Chyftoccxxus  sfp. 


Tut  ; 

CryptococeuB  ntofoman*  (pathdQtn)  > 

Gryptococttb'$p<  (taprophyU)  - 

Incubation  at  26*  C. 

Slow  to  moderate  rate  of  growth*  smooth, 
moist,  mucoid,  cream  colored  to  tan; 

Slow  to  moden^      ot^wth;  smooth, 
pasty,  *n<l  cream  colored.  (A  /#* 
species might  look  like  C.  neofarman* 
at26oC0;         "               :  ^ 

Incubation  at  37°  C.  b 

Better  growth  than  at  25°  C,  character- 
istic  shiny,  mucoid,  t  and  glistening 
.  growth,              v  ''■''■■:')■,'[{ 

)Sfd growth of  very  little  growth  (some 
■■■C  exception).                       ^  ' - ' ' 

India  Ink  Wet  Mount 

Thick  capsules  present  • 

Capsules  present  or  absent,  usually  thin 
if  present. 

Urea  Teat  (agar  medium) 

Positive  . 

The  u*e*  teat  tuie*  out  othfer  yeaata  (eap 
negative.  / 

Positive  , 

ecjally  the  Saccharomycu,)  iHEMt^re  urea 

Nitrate  Assimilation  Test 

Nitrate,  KNOJr  noi  assimilated 

Nitrate,  KNOi,  andmilated 

Animai  Pathogenicity  Test 

^Negative 
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Figure  13.    Gcotrichum  canididium. 

4-19.  Geotrichum  Candidum.  This  organism 
is  the  causative  agent  of  the  disease— geotrichosis. 
Since  G.  candidum  is  commonly  present  -in  the 
gastrointestinal  tract,  usually  as  a  saprophyte,  a  di- 
agnosis is  dependent  on  repeated  demonstration  of 
this  fungus  in  direct  examination  of  clinical  mate- 
rial and  the  abseqce  of  any  other  pathogenic 
agent 

4-20.  G.  candidum  has  been  implicated  in  mild 
respiratory  infections.  Coughing  and  the  produc- 
tion of  blood-streaked  sputum  may  result.  On  rare 
occasion  the  fungus  has  been  recovered  in  cases  of 
colitis.  Geotrichum  candidum  is  also  a  frequent 
secondary  invader,  and  therefore,  its  role  in  dis- 
ease is  difficult  to  assess. 

4-21.  Identification  of  Geotrichum  candidum  is 
based  on  its  colonial  and  microscopic  morphology. 
Direct  mounts  of  clinical  material  demonstrate 
large*(4  to  10  microns),  round,  oval,  or  rectangu- 
lar cells  which  may  or  may  not  be  joined  together 
to  form  wide  mycelial  filaments.  See  figure  13  for 
the  microscopic  appearance  of  Geotrichum  candi- 
dum. 

4-22.  Geotrichum  candidum  in  its  early  growth 
phase  appears  similar  to  the  other  yeastlike  organ- 
isms, both  colonially  and 'microscopically.  (See 
FO  1,  detail  D.)  As  the  colony  matures,  it  -takes 
on  a  fluffy  mycelial  character  which  is  readily  ob- 
servable. Microscopically,  this  fluffy  mycelial 
phase  appears  in  the  form  of  chains  of  rectangular 
arthrospores;  there  may  also  be  many  individual 
disarticulated,  cylindrical,  barrel-shaped,  or  some- 
times eliptical  arthrospores. 

4-23.  Trichosporon  Catanenm.  White  piedra, 
is  a  relatively  rare  superficial  mycosis  of  man 


which  affects  the  hair  of  the  scalp  or  body.  The 
agent  responsible  for  the  disease,  Trichosporon  cw- 
taneum  (formerly  known  as  Trichosporon  bergetii) 
not  only  grows  on  the  hair,  but  also  invades  the 
hair  shaft,  causing  it  to  disintegrate  and  break  off. 

4-24.  Hairs  suspected  of  being  infected  with  T. 
cutaneum  are  plucked  and  examined  in  10-percent 
KOH  wet  mount.  If  the  organism  is  present,  you 
will  see  soft  nodules,  ranging  from  white  to  light 
brown  in  color,  loosely  attached  to  the  hair  shaft. 
Arthrospores  and  blastospores  may  also  be  ob- 
served. 

4-25.  Further  confirmation  of  identify  will  re- 
quire culturing  on  Sabouraud's  dextrose  agar  with 
cycloheximide.  The  typical  colony  is  soft  in  con- 
sistency and  cream  to  white  in  color,  later  becom- 
ing greyish,  wrinkled  and  heaped.  (See  FO  1?  de- 
tail E.)  Microscopic  morphology  is  characterized 
by  a  true  mycelium  which  produces  both  blasto- 
spores and  arthrospores.  Biochemically,  the  fungus 
shows  an  inability  to  ferment  sugars  or  to  assimi- 
late glucose,  galactose,  sucrose,  maltose,  and.  lac- 
tose. Typical  microscopic  morphology  may  require 
use  of  the  slide  culture  described  in  Chapter  1. 

4-26.  Pityrosporum  Ovale.  The  members  of 
the  Genus  Pityrosporum  are  common  saprophytes 
on  the  skin  of  fnan.  Pityrosporum  ovale  was  once 
erroneously  considered  to  be  a  causative  agent  of 
dandruff.  The  organism  requires  oleic  acid,  which 
is  found  in  the  sebaceous  material  abundantly  pro- 
duced by  the  scalp.  Identification  is  necessary  to 
insure  differentiation  from  the  pathogenic  yeast- 
like fungi.  (See  fig.  14.) 

4-27.  Pityrosporum  ovale  can  be  cultured  on 
ordinary  media  if  fatty  substances  containing  oleic 
acid  are  added.  The  yeasjlike  colony  ranges  in 
color  from  cream  to  tan.  Identification  is  based  on 
the  microscopic  observation  of  very  small,  yeast- 
like cells.  The  bud  is  separated  from  the  mother  cell 
by  a  cross-wall.  There  is  no  mycelial  formation. 


5.  Thm  Superficial  Monomorphic  Molds 

5-1.  There  are  three  medically  important  my- 
cotic agents  in  this  category:  Piedraia  hortai,  Cla- 
dosporium  werneckii,  and  Malassezia  furfur,  as 
shown  in  table  10. 

5-2.  Piedraia  Hortai.  This  is  the  causative 
mycotic  agent  of  the  hair  infection,  black  piedra. 
Hard,  brown  or*  black  nodules  are  formed  along 
the  shafts  of  the  hair  of  the  scalp.  Other  than  a 
clicking  sound  when  the  hair  is  combed,  the  dis- 
ease is  asymptomatic.  These  modules  are  hard 
enough  to  cause  a  gritty  sound  when  pressed  be- 
tween glass  slides.  Black  piedra  occurs  primarily  in 
Asia  and  Latin  America. 

5-3.  Identification  of  P.  hortai  is  based  on  mi- 
croscopic examination  of  KOH  mounts  of  suspect 
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LABORATORY  IDENTIFICATION  OF  THE  YEAST-LIKE  FUNGI 


WET  MOUNT 


Budding  Cells  resembling 
yeast 


Probable  Organisms 


Candida  sp . t 
Cvyptoaooaua  sp . t 
Saachavomyaea  sp, 
(true  yeast) 


Budding  cells  resembling  yeast; 
pseudo  or  true  hyphae 


Probable  organisms 


Candida  sp . , 
(Candida  albican*  if 
Chlamydospores  present) 


Hyphae,  plus  blastospores 
fhd/or  arthrospores/ 


Probable  organisms 


Hyphae,  blastospores, 
and  arthrospores: 
fviahoaporon  sp. 
Hyphae  and  arthrospores: 
Geotriahum  sp. 


If  the  specimen  appears  to  contain  more  than 
one  type  of  micro-organism,  use  the  pure  cul- 
ture technique  given  in  para.  4-3. 


CUT-STREAK  CULTURE  TECHNIQUE  FOR  YEAST 


I 


POSSIBLE  RESULTS  FROM  CUT -STREAK 
CULTURE  TECHNIQUE  FOR  YEAST 

ORGANISMS 

CONFIRMATION 

Hyphae  and  arthrospores  * 

Gaotviohum 
*  Candidum 

morphology;  exclusion  of 
other  organisms  Para. 
4-22. 

Hyphae  and  blastospores 

Candida  sp .  * 

Table  6  and  Para.  4-11 

Hyphae,  arthrospores  and  blastospores 

TviohoMpovqn  sp . 

Para.  4-24  and  4-25 

Hyphae,  blastospores  and  chlamydospores 

Candida  albican* 

Table  6,  Para  4-11  & 
and  4-12 

No  Hyphae,  only  blastospores 

Cryptoooooua  sp. 
$aaaharomyo*M  sp . 

Table  7  and  Para.  4-17, 
4-18 

-Small  blastospores,  cross  Ha4ls  bet- 
ween mother  and  daughter  cell 

Pityroaporum  sp. 

—  :  :  r~ — :  

Microscopic  Morphology 
Para.  4-27 

Figure  14.  Laboratory  Identification  of  the  ye*»tlike  fungi. 
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Table  10 

Morphological  Characteristics  of  Superficial  Monomorphic  Molds 


Morphologiaal 
Charaatariatioa 

Piedraia  hortai 

■  i  

Qladosporium 

MalaMMMzia  furfur 

Growth  rate 

slow  9* 
 '  :  :  

4  slow 

not  cultured  on 
artificial  media 

Colony  texture 

velvety 

moist,  smooth  to  velvety 

not  applicable 

Topography 

raised  or  flat  with  cerebri- 
•  form  undulations 

flat  '* 

not  applicable 

Surface  color 

dark,  greenish-black  to 
black 

shiny,  dark  greenish- 
black  to  black 

not  applicable 

Back  (reverse) 
color  / 

same  as  surface 

same  as  surface 

not  applicable 

Microscopic 

dark,  thick-walled  closely 
septate  hyphae;  chlaray- 
dospores ,  asci  and  asco- 
spores  may  be  present 

dark,  branched,  septate. 

unlive    ^  j,  •  j   jn   in  U  •  )  j 

blastospores,  chlamydo- 
spores,  and*l-3  celled 
conidia  may  be  present 

branching,  septate 
hyphae ;  grape- like 
clusters  of  thick- 
walled  Spores  (3-8 
M  in  D.J  along  the 
hyphae*. 

C  -r^ 

Sketch  of 
microscopic 
appearance  in  f 
wet  mount  / 

8<P  w£> 

hairs  as  well  as  colonial  morphology.  The  fungus 
grows  well  on  cycloheximide  agar,  producing 
black  to  greenish-black  colonies  which  are  smooth 
and  raised.  Microscopically,  the  colony  from  cul- 
ture is  found  to  consist  of  dark,  closely  septate,  fil- 
aments of  hyphae,  chlamydospores  and  on  rare  oc- 
casion asci.  Microscopic  examination  of  the  haif 
nodule  will  reveal  many  oval  asci  containing  2  to  8 
ascospores  encased  in  a  darkly  pigmented -myce- 
lium. 

5-4.  Cladosporimn  Werneckii.  This  is  the  etio- 
logical agent  of  the  asymptomatic  disease  called 
tinea  nigra.  The  disease  is  characterized  by  the  de- 
velopment of  dark  brown  to  black  blotches  on*  the 
palms  of  the  hand,  or  on  rare  occasion,  other  parts 
of  the  body.  Generally,  only  one  lesion  is  present; 
however,  there  may  be  multiple  areas  of  infection 
on  one  hand.  Although  considered  a  tropical  dis- 
ease, a  few  scattered  cases  have  been  reported  in 
the  U.S. 

5-5.  Cladosporium  werneckii  appears  as  dema- 
tiaceous  (pigmented  black  or  dark  brown) 
branched  hyphae  when  observed  in  10-percent 
KOH  mounts  of  suspect  lesions.  The  organism 
grows  readily  but  slowly  on  cycloheximide  agar.  It 
produces  a  moist,  yeastlike,  greenish-blaGk  raised 


colony.  Older  colonies  develop  a  grey-black  serial 
mycelium.  Microscopic  examination  of  early  colo- 
nial growth  reveals  spherical  or  oval  budding  cells, 
many  of  which  are  divided  centrally  by  a  cross- 
wall.  Short  chains  of  these  cells  Are  common. 
Mounts  from  the  periphery  of  older  colonies  re- 
veal dematiaceous,  septate  hyphae  along  which 
clusters  of  blastospores  develop. 

5-6.  Maiassezia  Furfur.  The  mycotic  agent  "re- 
sponsible for  the  disease,  tinea  versicolor,  is  Ma- 
iassezia furfur.  This  superficial  infection  of  the 
skin  characteristically  produces  scaly  brown 
patches  in  such  areas  as  the  chest,  back,  neck,  ax- 
illae, face,  arms,  thighs  or  groin.  These  patches 
cause  occasional  itching;  if  exposed  to- the  sun,  they 
tan  unevenly.  This  chronic  disease  is  found  world- 
wide; however,  it  is  most  pfevalent  in  the  tropics. 

5-7.  Although  areas  infected  with  M:  furfur  will 
fluoresce  under  ultraviolet  light,  identification  rests 
on  microscopic  examination  of  skin  scrapings  in 
1 0-percent  potassium  hydroxide  or  methylene 
blue.  The  use  of  transparent  scotch  tape  has  also 
been  suggested.  When  the  sticky  surface  of  the 
tape  is  pulled  from  the  lesion,  it  carries  the  scales 
loaded  with  the  fungus,  which  may  then  be  placed 
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Table  11 
Ecology  of  eAmXtophytes 


ANTHROPOPHIUC  AGENTS 

Microtporum  audouinii  ^ 

Microsporum  dittortum 

MxcroMporum  fcrrugincum 

Trichophyton  conccniricum 

Trichophyton  megninii 

Trichophyton  mcntagrophytet  (downy) 

Trichophyton  rubfum . 

Trichophyton  $cho*nliinii 

Trichophyton  ioudancnat 

Trichophyton  tomufant 

Trichophyton  violaceum 

Trichophyton  yaoundti 


GEOPHIL1C  AGENTS 

Kcratinomyce*  ojtlUri 
MxcroMporum  cookri  1 
Microrptrum  gypweum 
Trichophyton  tcrrcstre  1 

ZOOP&ILIC  AGENTS 

Microrporum  cdni* 

Microtporum  vanbrcuMtghemii 

Trichophyton  equinum 

Trichophyton gailinac 

Trichophyton  mentagrophyin  (granular) 

Trichophyton  v$rruco$um 


»  Saprophytic  for  humans.  • 

on  a  njicroscopic  slide,  with  or  without  stain  and 
examined.  Microscopically,  unattached  hypjial 
segments  are  found.  These  are  curved  and  short, 
each  segment  about  3  to  4  microns  in  diameter  by 
8  to  12  microns  in  length.  Clusters  of  blastospores 
are  also  present.  These  are  sufficiently  "larger,  4  to 
6  microns  in  diameter,  than  C.  albicans  to  permit 
easy  differentiation.  Af .  furfur  cannot  be  cultured 
on  artificial  media. 

6.  The  Cutaneous  Monomorphic  Molds 


Deuteromycctes  or  fungi  imperfecti.  Demonstra- 
tion of  ascospores  in  Keratinomyces  ajelloi  and 
Microspdrum gypseum  indicates- that  some  of  the 
dermatophytes  are  actually  m  the  class  Ascomy- 
cetes.  Until  further  discoveries  are  made,  we  will 
consider  that  the  majority  of  dermatophytes  be- 
long  in  the  cla^  Deuteromycetes. 

6-3.  Identification  of  the  dermatophytes  cannot 
be^based  solely  on  macroconidial  morphology, 
since  some  strains  pfoduc*tfhese  structures  only 
rarely,  while  others  Jiever  produce  macroconidia. 


6-1.  These  fungi  are  the  dermatophytes  thaC"*^50'  mutant  strains  vary  greatly  in  colony  cnar^~ 
„   .  *   .     .  __j  :i-  rpricHr«  anH  ni^emation.  For  these  reasons,  pny- 


generally  infect  only  the  hair,  skin,  and  nails  of 
man  and  animals.  Jhcy .have  a  particular  affinity 
for  keratinized  tissue  of  the  skin  and  its  appen- 
dages but  will  also  grow  on  media  which  is  lack- 
ing in  keratin.  Present  indications  are  that  other 
body  tissues  may  possess  substances  which  arc  in- 
hibitory to  growth  of  these  fungi. 

6-2.  Air  the  dermatophytes  were  considered 
until  recently  to  belong  exclusively  in  the  class 


vQAOW,    UAMttfrUt.  ~— *™  J    O  -J   - 

terisjics  and  pigmentation.  For  these  reasons,  phy- 
siological criteria  may  be  more  important  than 
morphology  in  the  identification  of  some  members 
of  this  group.  The  more  common  physiological 
tests  usually  consist  of  nutritional  tests  to  deter-, 
mine  the  need  for  special  growth  factors,  optimal 
temperature  requirements,  and  determination  of 
the  type  of  hair  digestion  "in  vitro."  The  dermato- 
phytes grow  very  well  on  a  standard  medium,  such 


Table  12 

JJuman  Cutaneous  Mycoses  and  Etiological  Agents 


Tiiua  Capitis  (teal?) 


M.  avihuinii  < . 
M.  cant* 
Af .  disiortum 
M.  frrr*gin*um 
M.  oypssum 
T,  wugninii 
T.  msnlagrophyiss 
T.  aehoadtinU* 
T.  tonsurans  *•  * 
T.  rlolactum  * 


Tiiua  Barbas  (bwrf) 


T.  msguinii 

T.  uuntaqraphvU* 

T.'rubrum 

r.  i 


Tinm  Corpsris  (6od»)« 


M.  audouinii 
M.  canU 
U.  disiorium 
Mi.  ftrruginsum 

T.  concsntricum 
T.  msniasrofhffUs 
T.  rubrum 
T.  mhmUinii 
T.  t&hturans 
T.  Mmuxtum 
T.  tiolaesum 


Tiiua  Cruris  (groin) 


C.  albicans 
E,  floecotum 
T.  msniaejOfkuUs 
T.  rubnm 


Tiiua  Psdis  (Jo*) 


'  ah** 
C  .  albican* 
E.  fioceosum 
T.  rnsniasrofkyim  * 
T.  rubrum ' 


rinsa  Unsuium  {nail) 


\yiss 
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JTable  13 

Major  Characteristics  of  the  Dermatophytes 


9 

■ERIC 


Genus 

InftcUd  Areas 

HmI  Pnftrmc* 

Hair  I  twxtion 

Wood's  U~V  Light 
fluormetnet 

U*u*l  Conidim 
CkaracUrUOe* 

Mieroiporum 

Skin,  hllr,  and  rarely 
the  nails 

Primarily  chUdrtn 
julow  agt  of  po-& 
baity,  also  adults 

Ectothrix — mosaic 
pattern  of  spores 
on  hair  shaft 

Usually  positive— excep- 
tlon:  so  ma  times  nexa- 
tivs  (or  Af .  gypttum 

Many  oaacroconidla 
(ecoinulated,  thick- 
walls),  few  roicro- 
conidla 

Trichophyton 

Skin,  hair,  and  naila 

ChUdrtn  ind  adults 

Ectothrix,  sndothrix. 
and  favicendothrix 

Usually  net  stive— excep- 
tion: sometimes  posi- 
tive for  7*.  fonsursna  or 
T.  tckocnltinii 

\Few  macroconidia 
(smooth,  thin  walls), 
many  mlcrooonldia 

Epidtrmophyton 
(E.  fioccosum) 

Skin  and  nails 

Children' and  adults 

Nona 

Not  spplicshle 

Many  macroconidia  In 
clusters  (smooth,  thin 
walls),  no  micro- 
conldls  j 

as  Sabojiraud's  dextrose  agar.  The  culture  growth 
patterns  on  this  medium  for  the  common  dermato- 
phytes are  shown  in  detail  F  of  foldout  1.  As  we 
discuss  each  organism,  refer  to  this  foldout  and 
study  the  applicable  characteristics/ The  addition 
of  chloramphenicol  and  cycloheximide  have  not 
demonstrated  any  inhibitory  effect  on  their  growth 
and  so  may  be  incorporated  in  the  medium  in  the 
prescribed  strength.  With  the  addition  of  these  an- 
tibiotics to  retard  growth  of  contammants,  the  pH 
of  Sabouraud's  dextrose  agar  may  be  elevated  to  a 
range  of  6.8  to  7.0  which  is  optimal  for  growth  of 
the  dermatophytes.  The  ideal  temperature  range 
for  thefr  multiplication  is  between  25°  C.  and  30° 
C. 

6-4.  While  some  dermatophyte  species  are 
found  worldwide,  others  may  be  limited  to  a  very 
small  geographic  area.  Three  broad  categories,* 
shown  in  table  1 1,  are  used  to  classify  these  fungi: 
*  Anthropophilic  dermatophytes  usually  only  infect 
man;  zoophilic  dermatophytes  infect  lower  animals 
as  well  .as  man;  and  geophilic  dermatophytes, 
which  are  saprophytes  whose  natural  habitat  is  the 
soil.  The  last  group  does,  however,  infect  man 
from  time  to  time.  Global  distribution  of  these 
fungi  is  probably  influenced  a  great  deal  by  host 
preference  and  natural  habitat. 

6-5.  The  diseases  caused  by  the  dermatophytes 
are  called  tineas,  or  ringworm,  because  the  lesion 
normally  spreads  out  in  a  circular  manner  from 
the  initial  point  of  infection.  The  word  "tinea" 
means  "worm"  in  latin,  and  early  workers  felt 
these  round  lesions  wfere  caused  by  worms.  A 
ringworm  infection  of  the  body  is  called  tinea  cor- 
poris; the  feet,  tinea  pedis >  the  scalp,  tinea  capitis; 
the  groin,  tinea  cruris;  the  nails,  tinea  unguium;  as 
shown  in  table  12.  Fungal  infection  resembling 
tinea  unguium  of  th^nails  may  also  be  caiised  by  " 
C.  albicans.  We  win  discuss  members  of  the  Gen- 
era Microsporon,  Tribhophyton,  fipidermophyton, 


and  Keratinomyces  from  the  standpoint  of  clinical 
aspects  and  laboratory  diagnosis.  The  major  char- 
acteristics of  the  most  common  determatophytes 
are  shown" in  table  13. 

6-6.  Microsporum  AudouiniL  Af.  audouinii  is 
the  most  important  causative  agent  of  tinea  capitis 
among  grade  school  children  in  the  United  States. 
The  disease  affects  boys  more  readily  than  girls  in 
a  ratio  of  about  3:1  or  4:1.  It  is  an  anthropo- 
philic, or  "man-loving"  fungus,  and  in  those  rare 
cases  involving  animals  the  disease  is  mildjtand  - 
short  lived.  The  infection  is  spread  readily  from 
to  child,  either  by  direct  contact  or  through 
the  communal  use  of  hats,  combs,  or  brushes.  One 
of  the  most  important,  modes  of  transmissibn  has 
been  found  in-  barber  shops,  where  unsanitary 
equipment  results  in  rapid  dissemination  of  the 
disease. 

6-7.  The  primary  lesion  occurs  on  the  scalp, 
frequently  at  the  hairline  or  in  the  area  of  the  part. 
Usually,  very /little  inflammation,  erythema,  or 
kerion  formation  accompanies  the  disease;  the 
usual  symptoms  are  hair  loss  and  scaling.  A  kerion 
is  a  raised  mass  of  tissue,  suppurating  at  numerous 
points.  Generally,  the  disease  dembnstrates  well- 
defined  patches  of  scaliness  and  hair  loss,  but  it  is 
not  uncommon  for  scattered  single  hairs  to  be  in- 
fected. Af.  audouinii  invades  the  hair  in  a  charac- 
teristic manner  causing  what  is  referred  to  as 
small-spored  ectothrix  invasion.  The  spores  are 
formed  from  mycelia  which  havi  developed  within 
the  hair,  broken  Uirough  to  the  outer  surface,  and 
then  fragmented  into  a  sheath  of  tightly  packed  ac- 
throspores.  When  the  symptoms  include  much 
sue,  inflammation  and  keripn  formation,  the  ais- 
ease  course  is  generally  short,  or  about  2  to  4 
weeks  in  duration.  More  commonly,  when  the 
infection  causes  only  hair  loss  and  scaling  it  may 
heal  spontaneously  in  3  or  4  months.  Some  cases 
linger  on  for  2  to  3  years,  however. 
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6-8.  In  laboratory  identification  we  examine 
the  scalp  of  the  patient  for  hair  loss,  scaling,  ery- 
thema, and/or  kerionic  lesions.  The  scalp  should 
be  scanned  under  the  ultraviolet  light  of  a  Wood's 
lamp  in  a  dark  room,  paying  particular  attention 
to  any  suspicious  areas  previously  observed  in 
daylight  If  M .  audouinii  is  present,  even  only  on  a 
few  hairs,  it  will  fluoresce  a  bright  yellowish-green. 
But  it  is  well  to  note  that  some  strains  pf  M.  au- 
douinii will  not  fluoresce  when  exposed  to  ultravi- 
olet light  In  early  infections,  where  only  the  base 
of  the  hair  is  involved,  it  may  be  necessary  to 
pluck  the  hair  and  examine  it  under  the  Wood's 
lamp  to  detect  fluorescence. . 

6-9,  Skin  scrapings  or  hair  should  be  .collected 
from  thd  margin  of  the  lesion.  When  ultraviolet 
light  is  used,  hair  which  fluoresces  should  be 
plucked  and  mounted  in  10-percent  potassium  hy- 
droxide. Microscopically,  a  sheath  of  small  spores 
in  mosaic  completely  surrounds  the  hair  at  its 
base;  mycelium  is  found  running  lengthwise  within  v 
the  fiair.  Mycelium  and  chains  of  arthrospores  z&r 
found  in  skin"  scrapings.  On  Sabouraud's  dextrose 
agar  containing  chloramphenicol jand  cyclohexim- 
ide  the  following  colonial  characteristics  will  be 
observed.  Tte^  colony  is  slo^-growing,  flat,  and 
velvety  with  whitish-tan  to  brownish  surface.  The 
reverse  pigment  if  present,  may  be  light  salmon,  or 


orange-tan.  The  growth  of  M.  audouinii  on  rice 
grain  medium  is  very  poor,  as  compared  to  the 
other  species  of  Microsporum.  rhis  relationship  is 
shown  in  table  14.  Microscopically,  in  wet  mounts 
from  culture,  the  mycelium  is  usually  sterile  (Pec- 
tinate) with  many  chlamydospores  present  The 
rare  microconidia  are  clavate  in  shape  and  borne 
sessile  on  the  hyphae.  Some  strains  of  Af .  audoui- 
nii may  form  small  numbers  of  macroconidia  but 
these  are  bizarre-shaped  and  of  little  diagnostic 
value. 

6-10.  Microspoium  Canis.  M.  canis  is  pri- 
marily an  animal  parasite.  Because  it  is  the  most 
common  cause  -of  ringworm  in  cats  and  dogs 
throughout  the  world,  it  is  classified  as  a  zoophilic 
fungus.  Human  infections,  especially  in  children, 
are  not  unusual.  They  generally  result  from  con- 
tact with  infected  puppies  or  kittens.  It  is  com- 
monplace for  several  or  all  the  members  of  a  fam- 
ily to  .become  infected;  however,  it  is  difficult  to 
determine  whether  the  organism  was  contracted 
*  from  a  common  source  or  resulted  from  human  to 
human  transfer.  About  10  percent  of  tinea  capitis 
infections  in  the  U.S.  are  due  to  M .  canis.  This 
percentage  may  run  as  high  as  65  percent  in  spe- 
cific areas,  probably  reflecting  the  disease  incid- 
ence in  the  local  dog  and  c2T*population.  The 
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Table  14 

The  Growth  of  Microsporum  Audouinii  as  Compared  to  Other  Species  of  Microsporum 


Organism » 

Growth  Pattern  on  Rice  Grains 

Characteristic  Macroconidium, 
.Sketch 

1 

M .  audouinii 

negligible  growth,  producing  brown  coffee- 
stain  discoloration  on  rice  grains. 

M.  cants 

good  growth,  white  cottony  mycelium 
producing  many'  characteristic  macro- 
conidia. 

* 

Af.  cookii 
(saprophytic) 

good  growth,  white  ^pttony  mycelium, 
usually  not  necessary  for  identification. 

Af.  dittortum 

good  growth,  white  c  to  .  y  n>  ctjlium 
producing  many  <*han  oteristic  macroconidiau 

Af.  gypteum  * 

good  growth,  white  granular  appearance 
resembling  finely  ground  gypsum. 

'  — 7 
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infection  may  appear  on  any  skin  surface  of  the 
body;  and  it  is  usually  inflammatory,  with  devel- 
opment of  kerions  and  much~suppuratioiL  When 
this  is  the  case  spontaneous  heaBing  usually  takes 
place  after  3  to  4  weeks.  In  the  chronic  form  with 
little  or  no  inflammation  healing  may  require 

many  months. 

6-11.  The  patient  is  examined  first  for  hair  loss 
and  skin  lesions,  which  may  be  dry  and  scaly  or 
suppurative  and  kqponic  in  nature.  Af.  cams 
causes  a  small-spored  ectothrix  invasion  of  hair; 
and  as  in  the  case  of  M .  audouinii,  it  fluoresces  a 
^bright  yellow-green  under  UV  light  Af.  audouinii 
and  M.  cams  cannot  be  differentiated  on  the  basis 
of  clinical  symptoms  or  hair  examination.  Cultural 
studies  are  required  A  potassium  hydroxide 
mount  of  an  infected  hair  or  skin  scrapings  will  re- 
sult in  findings  identical  to  those  elaborated  for  M . 
audouiniL 

6-12.  Growth  on  Sabouraud's  dextrose  agar 
with  antibiotics  is  rapid;  and  the  colony  will  at  first 
be  white  and  silky  with  a  bright  yellow  marginal 
pigment.  As  the  colony  ragcs^  its  surface  becomes 
dense,  tan  and  cottony,  sometimes  in  irregular 
tufts  or  concentric  rings.  On  rare  occasion  there 
will  be  no  reverse  (underside)  pigmentation;  but 
usually  a  bright  yellow,  pigment 'is  present,  and  it 
gradually  turns  dull  orange-brown.  Af .  cams  grows 
well  on  rice  grains.  Microscopically,  macroconidia 
are  numerous  in  wet  mounts,  8-  to  15-celled,  and 
spindle-shaped.  They  often  terminate  in  a  distinct 
knob  and  have  thick  echinulated  walls,  as  shown 
in  figure  IS.  The  microconidia  are  few  in  num- 
ber, clavate,  and  usually  borne  sessile  on  the  hy- 
phae.  I 


6-13.  Mkrospornm  Gypseum.  Af.  gypseum  is* 
^a  geophilic  fungus,  and  therefore  the  majority  of 
infections  of  both  man  and  animals  may  be  traced 
to  the  soijL  Human  infections  are  rare  in  spite  of 
the  fact  that  recovery  of  this  fungus  from  soil  sam- 
ples is  very  common.  Generally,  people  with  ring- 
worm infections  develop  a  single  lesion  on  an  ex- 
posed area  of  skin  or  the  scalp.  Considerable  tis- 
sue reaction  is  present,  and  the  development  of 
kerions  is  not  uncommon.  When  these  areas  heal, 
scarring  and  permanent  hair  loss/arS  a  frequent  re- 
sult 

^  6-14.  A  preliminary  examination  of  the  patient 
for  skin  lesions  and  hair  loss  is  made.  Lusterless, 
brittle  hairs  are  plucked  for  examination,  and  skin 
scrapings  are  taken  from  the  margin  of  the  in- 
fected area.  Examination  of  the  hairs  in  direct  po- 
tassium hydroxide  mount  reveals  a  large  spored  (5 
to  8  microns)  ectothrix  type  invasion,  with  ar- 
throspbres  in  chains  or  irregular  masses  on  the  air 
surface.  Mycelium  runs  lengthwise  within  the  hair. 
Similarly  mounted  skin  scrapings  show  masses  of 
arthrospores,  occasionally  in  chains,  and  myce- 
lium. Hairs  infected  with  Af .  gypseum  either  flu- 
oresce very  poorly  or  not  at  all,  so  a  Wood's  lamp 
is  of  little  value.  This  organism  grows  well  oil  rice 
grain  medium. 

6- 15.  Cultural  studies  are  essential  for  identifi- 
cation. Growth  on  Sabouraud's  dextrose  agar  with 
antibiotics  is  rapid.  The  colony  is  flat,  with  irregu- 
lar fringed  borders  and  a  coarsely  powdery  surface 
ranging  from  light  cfchre  to  deep  cinnamon  brown. 
Tufts  of  white,  fluffy,  sterile  growth  develop  rap- 
idly on  the  colony  surface,  and  the  reverse  pig- 
ment is  usually  a  dull  jjgllow  to  tan,  or  rarely  pink- 
ish to  red.  Microscopic  examination  of  a  wet 


Figure  16.  Microaporum  gypseum  (macroconidia). 


Q  mount  illustrated  in  figure  16  shows  numerous 
macroconidia,  3-  to  9-celled,  ellipsoid,  shorter  and 
broader  than  those  of  M.  cams,  with  thinner, 
echinuteted  walls.  The  microconidia  are  rare,  cla- 
vate,  aiid  usually  borne  sessile  on  the  hyphae. 


6-16.  Genus  Trichophyton.  The  members  of 
the  Genus  Trichophyton  are  the  most  important 
causative  agents  of  ringworm  of  the  feet  and  nails 
throughout  the  world.  They  sometimes  cause  tinea 
infections  on  other  body  areas,  such  as  the  trunk, 


Table  ISA 

Cultural  Characteristics  of  Morphology  of  Dermatophytes 


Organism 

Key  to 
Plate  II 

Growth 
Rate 

Texture 

m  Topography 

Surface  Pigment 

Back  {reverse/ 
Pigment f 

E.  floccosum 

A 

Slow 

Powdery 

Flat  or  heaped, 
folded  in  center 

Olive  green  to  tan 

Yellow  to  taJ 

/  * 

K.  ajelhi 

B 

Rapid 

Powdery 

Flat 

White,  cream  to 
pink 

Purple,  black  or 
absent  [ 

M.  audouinii 

c 

Slow 

vciy 

rial 

Cream  to  tan 

Pink  to  brown 

M.  canis 

D 

Rapid 

Cottony 

Flat 

White  to  yellow 

Translucent  yellow 
or  absent  * 

M.  cookei 

E 

Rapid 

Flat,  cen- 
tral growth 

Powdery  to  gran- 
ular 

White  to  pink 

Red  to  deep  purple 

M.  distortion 

F 

Rapid  « 

Velvety 

Flat 

Cream  to  tan 

Tan 

M.  gypseum 

G 

Rapid 

Powdery  to 
granular 

Flat 

Tan  to  cinnamon 
brown 

 * 

Yellow  to  tan 

T.  mentagrophytes 

H 

Rapid 

Velvety, 
powdery,  or 
granular 

Flat 

Usually  white, 
cream,  or  tan; 
rarely  pink,  red, 
yellow,  or  orange 

Usually  rose  to 
brown  or  colorless, 
rarely  yellow  to 
orange 

T.  rubrum 

I 

Slow 

Usually  cot- 
tony, rarely 
powdery 

Flat,  rarely  folded 

m 

Usually  white; 
rarely  rose 

Usually  dejp  rcty*/ 
rarely  colorless 

T.  schoenleinii 

J 

Slow 

 V 

Moist  and 

glabrous,  or 

powdery  to 

velvety 
— * 

Usually  heaped 
and  folded;  rarely 
submerged 

Usually  white,  v 
cream,  or  tan; " 
rarely  brown 

Tan  or  absent. 

T.  tonsurans 

*■ 
y 

K 

Rapid  * 

\JaUmiXj  VCl* 

vety  to  pow- 
dery, rarely 
granular 

usually  neavuy 
folded  with  de- 
pressed centers; 
rarely  flat 

Tan,  white,  yel- 
low, >rose,  laven- 
der, or  brown 

Yellow,  red, 
brown,  purple,  or 
absent 

T.  verrucosum 
(T.  faviforme) 

L 

Very  slow, 
stimulated 
by  thiamine 
37*  C. 

Moist  and 
glabrcj*  ' 

powdery  or 
velvety 

Usually  heaped 
and  fplded,  rarely 
flat 

White,  tan  or 
yellow 

Yellow  or  absent 

T  violaceum 

M 

Slow 

 i  

Moist,  gla- 
brous to  lea- 
thery; or 
velvety; 
rarely  cot- 
ton 

Finely  wrinkled 

Cream,  then  vio- 
let to  purple*  or 
colorless 

Purple  or  absent 

T.  concentricum  1 

Slow  * 

Glabrous, 
downy  areas 

Heaped  and 
folded,  often 
cracked 

White,  tan  or 
brown 

Yellow 

Af .  ferxugineum 
(T.  fer/ugineum) 

Slow 

Moist  and 
glabrous,  or 
velvety 

Finely  wrinkled, 
or  flat  with  radial 
grooves 

Rust  or  white 

Rust  or  colorless 

T.  megninii 1 

Rapid 

V**ety 

Flat;  may  have  %r 
radial  grooves 

White  to  rose 

Deep  rose 

1  Ran  etiological  agents  in  North  America.  - 

Not*:  Rare  Trichophyton  «pp.  not  included  in  this  manual 
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T.  tquinum,  7.  taUlnta,  T.  Itrratn,  and  T.  yaoundti. 


Table  15B 
Microscopic  Morphology  of  Derhalophytes 


Organism 

Key 
Figure 

Production  of 
Macroconidia 

Shape  of 
Macroconidia 

Thickness  of 
Macroconidial 
Wall 

Surface  of 
Macroconidial 
Wall 

mMicroconidia 

E.  floccosum 

Abundant  in 
clusters 

Clavate 

Thin  ^ 

Smooch 

Unknown ' 

K.  ajelloi 

Abundant 

Elliptical 

Thick 

Smooth 

Pyriform,  numer- 
ous or  rare 

M  Gtidntiirtii 

Rare  oiUfabscnt 

Irregular  to 
spindle-shaped 

Thick 

Echinulated 

Usually  few;  rarely 
numerous 

M,  canis 

Abundant 

Spindle-shaped 

Thick 

Echinulated 

Present 

M.  cookei 

 i  

* 

Abundant 

Elliptical 

Thickest  of 
Microsporum 

Echinulated  * 

Present 

Ms  distortum 

Abundant 

Bizarre,  almost 
any  s^yc 

Thick 

Echinulated 

Present 

M.  gypseum 

Abundant 

Elliptical 

Thin 

Echinulated 

Present 

^T.  mentagrophytes 

Few  to  many 

Clavate  or 
variable 

Thin 

Smooth 

Few  to  many, 
spherical 

T.  rubrum 

< 

Usually,  few; 
rarely  nu- 
merous 

Pencil-shaped 
long 

Thin 

^mooth 

Few  to  many,  oval 
to  elongate 

T.  schoenleinii  % 

Unknown 



Rare,  induced  on 
enriched  medium 

 ^ 

T.  tonsurans 

Rare 

Clavate  to 
irregular 

71' 

Thin 

Smooth 

Many;  pyriform  to 
elongate;  large  and 
irregular  with  age 

\T.  verrucosum 
(T.  faviforme) 

4   '■  

Rare;  induced 
on  thiamine 
medium 

Irregular 

Thin 

* 

Smooth 

Rare;  induced  on 
thiamine  medium 

T.  violaceum 

Rare,  induced 
on  thiamine 
medium 

Clavate  to 
irregular 

Thin 

Smooth 

Rare;  induced  on 
tmaminemmcdium 

T.  concentricum 1 

Unknown 

Rare,  pyriform 

M^ferrugineum  \ 
(T.  ferrugineum) 

Unknown 

Rare;  induced  on 
enriched  medium 

* 

T.  megninii1 

Rare 

Clavate  to 
Narrow 

Thin 

Smooth 

Pyriform,  numer- 
ous or  rare 

*  Rare  etiological  stents  In  North  America. 

Noil:  Rare  Trichophyton  spp.  not  included  In  this  manual  include 


T.  equinum,  T.  tpiUnta,  T.  soudanerut,  T£  ttrtstn,  end  T.  yaoundai. 


scalp,  of  beard  area/f  males.  Spontaneous  healing 
at  puberty  (as  with  microsporum  infections)  does 
not  occur  and  as  a  result,  adult  infections  are  not 
uncommon.  Infections  with  members  of  the  Genus 
Trichophyton  result  in  a  great  variation  in  tissue 
response,  ranging  from  superficial  scaling  and  hair 
loss  to  highly  inflammatory  lesions.  For  this  rea- 
son, diagnosis  on  the  basis  of  the  clinical  symp- 
toms is  highjy  unreliable. 
\  6-17.  Various  members^of  the  Genus  Tricho- 
phyton attack  the  hair  in  differing  manner,  thereby 
aiding  somewhat  in  their  cliff erentiatigp^iagnosis 
is  noqejhe  less  dependent  on  isolation  and  identi- 


fication. Many  species  of  Trichophyton  have  bos 
described,  but  the  likelyhood  is  great  that  a  sub- 
stantial number  of  these  were  variants  of  a  single 
species.  On  the  basis  of  current  studies  twelve  dis- 
tinct specie^  have  been  described\the  methods 
used  for  identifying  the  more  common  trichophy- 
ton disease  agents  fjom  the  standpoint  of  prelimi- 
nary diagnosis  and  cultural  and  microscopic  char- 
acteristics are  elaborated  in  tables  ISA  and  1SB, 
respectively.  ♦ 

6-18.  As  stated  above,  the  manner  of  "in  vivo" 
hair  invasion  can  be  helpful  in  differentiating  the 
Trichophyton  spp,  T.  mentagrophytes,  T.  equinum, 
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T.  verrucoswn  and  T.  rubrum  all  cause  an  ectoth- 
rix  type  invasion  wfth  arthrospores  grouped  on  the 
outside  of  the  hair  shaft.  T.  tonsurans  and  T.  vio- 
lacewn  cause  endothrix  type  hair  infections  in 
which  the  arthrospores  are  found  only  within  the 
hair  shaft  The  hair  in  this  type  invasion  becomes 
very  fragile  due  to  swelling.  It  breaks  off  close  to 
or  below  the  scalp  surface.  The  resulting  black, 
speckled  appearance  has  given  rise  to  the  term 
"black-dot"  ringworm.  Light-haired  individuals 
fail  to  demonstrate  this  characteristic.  One  final 
type  of  hair  invasion  called  **f avic"  is  characteristic  - 
of  J,  schoenleinii.  In  contrast  to  the  previous 
types,  the  hair  is  filled  with  mycelium,  and  only 
rarely  is  an  arthrospore  seen.  The  hair  does  not 
Become  fragile  and  often  does  not  break  off.  It  is 
not  unusual  to.  see  empty  spaces  where  mycelium 
has  degenerated.  The  spaces  may  become  filled 


with  air  bubbles  and  fluid  when  wet  mounts  are 
prepared.  Mutant  strains  of  dermatophytes  other 
than  J.  schoenleinii  may  also  produce  a  favic  type 
of  hair  invasion. 

6-19,  Some  species  of  Trichophyton  have  dem- 
onstrated an  ability  to  grow  in  two  distinct  forms: 
"downy"  variety  and  "granular  variety."  The 
downy  variety  of  T.  mentagrophytes,  or  7\  menta- 
grophytes  var.  interdigitale,  has  a  relatively  low 
virulence  in  man  and  is  normally  associated  with 
chronic  tinea  pedis.  The  "granular  variety"  of  ani- 
mal origin  is  highly  virulent,  causing  inflammatory 
suppurative  ringworm.  7\  rubrum  as  well  as  other 
fyichophyton  species  also  have  this  ability  to  in- 
crease their  virulence  by  animal  transfer.  Nutri- 
tional tests  using  growth  requirements  for  vitamins 
and  amino  acids  are  helpful  in  differentiating  Tri* 


^        Table  16  -  , 
Growth  Patterns  for  Trichophyton 


Dermatophyte  s 

Physiological  Test  Media 

< 

7\  equinum 

*                  Casein     <^  7 

Casein  +  nMotinic  add 

0 

V   -*+  . 

T.  mentagrophytes 

4'+ 

4 

M.  ferrugineum 

Casein 

Casein  +  thiamine  y 

4  + 

^4  + 

T.  mtntaQTophytcs 

4+  ^  

4  + 

T\  rubrum 

*               4  + 

4+ 

T.  tonsurans 

±  to  1  + 

4  + 

-*  :  i  

T.  fiolacfum 

■  *  ± 

4+  ( 

T.  gallinae 

NH4NO3 

'      NH4NO3  +  histidine 

t 

4  + 

4+ 

T.  megninii 

0 

.  4+ 

T.  concenlrieum 

50% 
50% 

■  •  Casein 

Casein  + 
inositol 

Casein  4* 
thiamine 

Casein  + 
thiamine 
and  inositol 

4  + 

4  + 

4+ 

4+ 

\ 

2  + 

2  + 

4+ 

*  4+ 

T.  schoenleinii 

4  + 

4+ 

4  + 

T.  verrueosum 

85% 

■  15% 

»0 

*  ± 

0 

0. 

0 

4+ 

4  + 

 r1  

<  "  4 
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Figure  17A.  Trichophyton  mentagrophytes  (Clavate 
^facronidia).' 

chbphyton  species.  Special  media  are  available 
through  ^comniSfcial  soufces  in  dehydrated*  form, 
and  the  techniques  used  may  be  found  in  most, 
mycology  textbooks.  The  growth  patterns  on  these 
media  are  described  in  table  16.  If  atypical  isolates 
of  7\  rubrum  or  T.  mentagrophytes  are  encoun- 
tered, an  "in  vitro"  hair  culture  may  be  used  for 
separation  of  the  two  species.  The  test  is  based  on 
ability  to  invade  the  hair.  Varieties  of»7\  menta- 
grophytes are  capable  of  causing  wedge-shaped 
perforations  of  the  hair,  while  varieties  of  T.  rub- 
rum  will  riot  perforate ,  the  hail:.  The  hair  will 
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Figure  17t.   Trichophyton  rubrum. 

usually  not  show  perforations  until  the  10th  to 
14th  day,  and  the  test  should. not  be  considered 
negative  until  28  days  have  elapsed.  The  steps  ia 
this  technique  may  also  be  found  in  most  up-t<£* 
date  clinical  mycology  textbooks.  Characteristic 
microscopic  morphology  of  the  more  common 
genera  and  species  of  Trichophyton  are  illustrated 
in  figures  17A  thruF. 

6-20.  Epidermophyton  Floccostun.  E.  floe- 
cosum  is  one  of  the  more  common  etiological 
agents  of  tinea  cruris  (ringworm  of  the  groin),  and 
tinea  p^dis  (ringworm  of  the  feet).  It  is,  however, 
well  below  T.  rubrum  and  T.  mentagrophytes  in 
incidence  as  the  agent  of  these  dermatophyte  dis- 
eases. It  has  also  been  isolated  on  occasion  as  the 
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Figure  17B.    Trichophyton  (En  thyrsc  and  En  grappe 
^  formation). 
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Figure  17D.    Trichophyton  tonsurans. 


n  Figure  17E.  Trichophyton  violaceum.  ^ 

.*> 

Etiological  agent  of  tinea  unguium.  E.  floccosum 
'  does  not  invade  the  hair  and  will  not  fluoresce 
uriderUV  light 

6-2 1 .  Laboratory  identification  of  E;  floccosum 
is  based  on  colonial  and  microscopic  characteris- 
tics. Scrapings  are  collected  from  the  periphery  of 
skin  lesions  and  examined  in  10-percent  potassium 
hydroxide  for  the  presence  of  mycelium  and 
chains  of  arthrospores.  Regardless  of  the  findings, 
the  scrapings  should  be  cultured  on  Sabouraud's 
dextrose  agar  with  or  without  antibiotics.  Growth 
<  of  E.  floccosum  is  slow.  At  first  it  is  fluffy  white,  * 

,        gradually  becoming  velvety  or  powdery.  The  sur- 
face is  flat  or  radially  folded,  and  a  tan  to  olive-  \ 
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Figure  18.   Epidermophyton  floccosum  (macroconidia). 

green  color  develops.  Reverse  pigment  is  a  yellow- 
ish tan.  When  growth  is  mature,  teased  mounts  of 
E.  floccosum  Will  reveal  numerous  macroconidia: 
2-  to  4-celled,  large,  broad,  blunt  to  clavate  in 
shape*  with  smooth,  thin  walls.  They  may  be  borne 
singly  or  in  groups  of  two  or  three.  These  group- 
ings are  shown  in  figure  18.  Many  chlamydo 
spores  may  be  present  and  microconidia  are  ab- 
sent. •  -  '  . 

6-22.  Keratinomyces  AjeQoL  This  ^derma- 
tophyte and  M.  gypseum  are  the  only  gBbphilic 
fungi  with  global  distribution.^,  ajelloi  has  been 
isolated  only  on  rare  occasions  from  animals,  and 
it  is  generally  felt  to  be  of  little  clinical  import- 
ance. Since  data  regarding  the  prevalence  of  der- 


Figure  19.   Keratinomycetear ajelloi  (macroconidia).  * 
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Figure  20A.  Chromoblistomycotic — Cladosponim  type. 

matophytes  in  many  regions  of  the  world  is  scanty, 
and  the  etiological  agents  of  many  ringworm  infec- 
tions get  unreported  and  possibly  undiagnosed,  it  is 
important  that  the  technician  be  able  to  isolate  and 
identify  this  potential  agent  of  cutaneous  mycotic 
disease. 

6-23.  As  with  the  previously  discussed  derma- 
tophytes, suspect  hair  and  skin  scrapings  are  col- 
lected for  KOH  wet  mount  examination  and  for 
culturing.  K.  ajettoi  does  not  fluoresce  under  ultra- 
violet light.  The  wet  mount  of  the  hair  may  dem- 
onstrate mycelium  within  the  shaft  without  a 
distinct  sheath  of  spores  around  the  hair.  Skin 
scrapings  in  wet  mount  may  reveal  mycelium  and 


s  chains  of  irthrospores.  When  cultured  on  Sabour- 
aud's  dextrose  agar  with  or  without  antibiotics  col- 
*  ony  growth  is  rapid  and  either  flat  or  somewhat 
heaped/or  folded,  the  surface  is  finely  powdery, 
or  dovjny,  and  cream  to  tan  or  orange-tan  in  color: 
Characteristically,  ateas  of  whiter  fluffy  growth  de- 
velop rapidly,  and  the  reverse  pigmentation  may 
be  either  a  deep  bluish-black  or  absent. 

0-24,  Microscopic  examination  of  a  teased 
mount  from  culture  will  demonstrate  many  macro- 
cdnidia.  They  are  long  and  slender  with  parallel 
ytalls  tapering  at  each  end  ( cylindro-fusif orm) ,  8 
to  12  cells  are  present  The  macroconidial  walls 
are  wide  (thicker  than  those  of  Af.  cards)  and 
have  a  smooth  surface,  as  shown  in  figure  19.  Mi- 
croconidia  are  abundant  in  some  strains,  while 
rare  in  others.  When  present,  they  are  ovate  to 
pyriform  in  shape  and  borne  sessile  on  the  hyphae. 

7.  The  Subcutaneous  Monomorphic  Molds 

7-1.  This  group  of  fungi,  as  the  heading  im- 
plies, produces  disease  in  both  the  cutaneous  and 
subcutaneous  tissues.  Members  have  on  rare  occa- 
sion penetrated  to  the  deep  organs  of  the  body. 

7-2.  Chromoblastomycotic  Fung).  These  are 
the  etiological  agents  of  chromoblastomycosis. 
Like  the  other  agents  of  subcutaneous  mycotic  dis- 
eases, in  all  probability  they  lead  a  saprophytic 
existence  in  nature.  Most  human  or  animal  infec- 
tions are  traceable  to  wounds  contaminated  with 
soil  or  vegetative  matter.  Embedding  of  the  chro^ 
mqblastomycotic  fungal  agent  in  the  cutaneous  or 
subcutaneous  tissues  results.  The  disease  sterns  to 
£-be  more  common  in  tropical  and  subtropical  areas ' 
of  the  world,  but  at  least  24  cases  have  been  re- 
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Fjgure  20B.   f  hromob laatomy cotic — Pbealophora  type.         Figure  20C.  Chromoblastogiycotic — Acrotheca  type. 
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ported  in  the  United  States.  The  disease  itself  pro- 
duces no  specific  pigment,  and  the  organisms  do 
not  multiply  in  the  tissues  by  a  true  budding  proc- 
ess. Hence,  the  name  chromoblastomycosis  is  a* 
misnomer.  At  present,  however,  this  term  contin- 
ues to  be  used  for  this  particular  type  of  jjycpsis. 

^7-3.  There  are  three  types  of  conidiopnore  for- 
mation demonstrated  by  the  various  species  caus- 
ing chromoblastomycosis.  The  ability  &  differen-' 
date  them  will  aid  appreciably  in  definitive 
identification.  In  the  cladosporium  type,  formally 
called  hormodendrum  type,  the  conidiophore  is  a 
simple  stalk  slightly  enlarged  at  its  distal  tip.  Co- 
nidia  are  produced  at  this  distal  tip,  forming  chains 
which  branch  if  a' single  conidium  forms  two  or 
more  buds.  This  type  of  sporulation  is  shown  in 
figure  20A.  These  chains  are  often  broken  up  in 
teased-mount  preparations,  and  under  high  magni- 
fication scars  may  be  seen  at  their  former  points  of 
attachment.  These  darkened  scars  are  referred  to 
as  disjunctors.  A  second  type  of  sporulation, 
shown  in  figure  20B  and  referred  to  as  the  phialo- 
phora  type  is  characterized  by  the  development  of 
highly  distinctive  conidiophores  called  phialides 
which  may  develop  terminally  or  along  the  myce- 
lium. These  phialides  are  flasklike  structures  hav- 
ing i  large  round  or  oval  base,  a  constricted  neck^ 
and  a  cup-shaped  outlet  which  may  flare  put  to 
forrti  a  distinct  lip.  Conidia  are  developed  endo- 
getiously  within  the  base  and  extruded  through  the 
outlet  They  accumulate  in  a  spherical  mass  of 
loosely  adherent  ^>ores.  A  final  type  fit  sporula- 


tion (see  fig.  20C)  called  acrotheca  type  is  charac- 
terized by  the  formation  of  conidia  along  the  sides 
of  irregularly  club-shaped  conidiophores-  The  co- 
nidia are  usually  single.,  but  on  occassion  may  show 
a  tendency  to  form  chains.  When  the  conidia  be- 
come detached,  as  occurs  in  the  preparation  of  a 
teased  mount,  the  conidiophores  present  a  rough- 
ened, irregular  surface  due  to  scarring.  These  scars 
represent  the  former  points  of  attachment  of  the 

*  conidia  on  the  conidiophore. 

7-4.  The  fungi  responsible  for  chromoblasto- 
mycosis are  Phialophora  verrucosa,  Cladosporium 
carrionii,  Fonsecaea  pedrosoi  and  Fortsecaea  com- 
pacta.  The  characteristics  of  the  disease  are  the 
same  regardless  of  which  of  these  fungi  is  the 
etiological  agent,  and  therefore  they  will  be  dis- 
cussed collectively.  The^nfection  usually  begins  as 
a  papule  or  pustule  at  the  site  of  initial  penetra- 
tion. This  persists  for  a  long  time,  and,  gradually 
enlarges  and  becomes  ulcerated.  Other  lesions  may 
develop  by  direct  extension  of  the  primary  lesion, 
additional  implantations  or  via  the  lymphatic  sys- 
tem. For  some  little  understood  reason,  the  disease 
tends  to  remain  localized  in  the  limb  or  area  ini- 

,  tially  infected.  Eventually,  large  masses  protruding 
several  centimeters  above  the  skin  level  will  de- 
velop. It  is  not  uncommon  for  those  masses  to  be . 
attached  by  a  narrow  pedicle.  Bacterial  invasion  is 
quite  common,  causing  purulent,  foul  smelling 
crusting  of  the  lesion*  In  advanced  cases  lym- 
phatic stasis  and  elephantiasis  are  quite  common. 


Table  17 

Laboratory  Identification  of  Chromoblastomycotis  Species 
and  Related  Saprophytic  Species 


-pf —  

Oroanirm 

Macroscopic  iiorphjjloat 

Microtcopic  Siorpkoloff 

Tip**  of  Sporulation 

Liiruifaction 
of  (Matin 

Hfdroljni* 
of  Lo*fn*r'» 
Scrum  Slant 

Ciadcrporium 
carrionii 

Slow  growing;  dark, 
greenish-black. 

Chains  of  spores  are  long  and  branching: 
appear  similar  to  those  of  the  saprophytic 
Xladooporium  sp. 

Cladosporium 

0 

0 

tonutam 
compact* 

Slow  growing:  dark, 
greenish-black. 

Spores  are  not  elongate  as  in  other  species  but 
are  nearly  round  and  occur  In  closely 
packed  short  chains:  cladosporium  type 
sporulation  predominates. 

r 

Acrotheca,  clado- 
sporium, and 
phialophora. 

0 

0 

Ponucata 
p*dro*oi 

J 

Slow  growing;  dark, 
greenish-black. 

Chains  of  spores  are  usually  short.  .  Clado- 
sporium type  sproulation  usually  predomi- 
nates.' Acrotheca  and  phialophora  types  of 
sporulation  are  rare  in  mdKxraina.  Oc- 
casional strains  show  largely  acrotheca 
type  sporulation.  w 

Acrotheca,  clado- 
sporium, and 
phialophora. 

0 

0 

Phialophora 
Hmco*a 

Slow  growing;  dark, 
greenish-black; 
occasional  strain  pro- 
duces a  soluble 
brown  pigment. 

Sporulation  may  < occur  on  serial  mycelium 
or  in  the  depths  of  the  medium. 

Phialophora 

0 

0 

Cladorporxnm 
'  species 
(saprophyte) 

Rapid  growing;  dark, 
greenish-black. 

Chains  of  spores  are  long  and  branching. 

Cladosporium 

+ 

+ 

33 


/ 


These  masses,  especially  on  the  feet,  may  become 
so  enlarged  they  resemble  small  cauliflowers. 

7-5.  A  few  cases  of  chromoblastomycosis  with 
central  nervous  system  involvement  have  typical 
skin  lesions.  These  presumably  are  the  result  of 
blood  stream  dissemination.  Other  cases,  however, 
%  show  no  skin  lesions,  indicating  that  some  internal 
organ,  possibly  the  lung,  was  the  initial,  unrecog- 
nized focus  of  infection. 

7-6.  In  the  laboratory  diagnosis  of  chromoblas- 
tomycosis scrapings,  scales,  or  exudate  are  exam- 
ined in  potassium  hydroxide  mount  for  the  pres- 
ence of  small  clusters  of  spherical  dark  brown, 
thick-walled  cells  that  reproduce  by  equatorial 
splitting  (not  budding).  The  abundance  of  organ- 
isms in  the  clinic^ material  makes  direct  examina- 
tion a  rapid  means  of  diagnosis.  The  material 
should  be  cultured  on  Sabouraud's  dextrose  agar 
with  antibiotics  and  incubated  at  room  tempera- 
ture. The  fungi  causing  chromoblastomycosis  all 
produce  dark  colonies  which  are  heaped  or  some- 
times slightly  folded,  and  typically  slow  growing. 
*^The  colonies  are  covered  with  a  short  aerial  myce- 
lium which  forms  a  'greyish  velvet  nap,  while  the 
reverse  pigmentation  is  a  jet  black. 

7-7.  A  teased  mount  should  be  examined  mi- 
croscopically for  the  type,  or  types,  of  sporulation. 
In  species  demonstrating  multigte  types  of  sporula- 
tion, determination  of  the  predominating  form  can 
be  useful  in  accurate  identification.  Table  17  con- 
tains data  regarding  the  colonial  morphology,  mi- 
croscopic morphology,  and  physiological  charac- 
teristics of  the  agents  of  chromoblastomycosis  and 
the  closely  related  saprophytic  Cladosporium  spec* 
ies.  Histopathologically,  chromoblastomycosis  may 
be  readily  diagnosed  in  tissue  sections  stained  with 
hematoxalin  and  eosin,  or  by  use  of  the  periodic- 
acid-Schiff  (PAS)  staining  procedure.  The  fungi 
causing  the  disease  all  appear  identical  in  tissue, 
and  in  potassium  hydroxide  wet  mounts  of  scrap- 
ings or  exudate.  The  sclerotic  bodies  stain  dark 
red  in  a  PAS  preparation.  Animal  inoculation  and 
serological  tests  are  notjsed  in  diagnosing  this 
disease. 

7-8.  Maduramycotic  Fungi.  In  1842,  McGill 
described  the  disease  from  an  area  around  Ma- 
dura, India,  although  the  condition  had  been  found 
in  this  geographic  location  for  many  years  prior  to 
that  date.1  Eventually  it  was  labeled  "Madura 
foot."  Vandyke  Carter  in  1874  was  the  first  to  de- 
scribe changes  in  the  subcutaneous  tissue  and 
bones,  and  to  ideqtjfy  fungal  elements  in  the  grains 
obtained  from  within  the  sinus  tracts  of  affected 
ajreas.  Since  parts  of  the  boc^r  other  than  the  foot 

* -Wilson  and  PUnkett,  The  Fungous  Diseases  of  Man,  Second 
Printing,  1967,  page  150.  , 


may  be  infected,  Carter  introduced  the  term  "my- 
cetoma,'1 meaning  fungus  tumor. 

7-9.  The  disease  has  global  distribution,  but  it 
is  considerably  more  prevalent  in  tropical  and  sub- 
tropical areas.'  The  fungal  agents  responsible  for 
this  disease  are  saprophytic  in  soil  and  vegetation 
and  gain  entry  either  by  a  scratch  or  a  penetrating 
wound.  *rhe  greater  incidence  in  hot,  humid  cli- 
mates can  be  related  to  the  fact  that  the  causative 
fung£  flourish  under  these  environmental  condi- 
tions and  the  inhabitants  are  more  likely  to  go 
barefoot. 

7-10.  The  disease  (maduromycosis)  is  chronic, 
sometimes  lasting  a  lifetime.  It  may  affect  any  part 
of  the  body  although  foot  infections  are  t^be  rfiost 
common.  After  gaining  entrance,  the  responsible 
">  mycotic  agent  invades  the.  subcutaneous  tissue  and 
eventually  rfiuscle,  bone,  and  other  surrounding 
tissue  become  involved.  The  region  affected  be- 
comes one  in  whicji  acute  purulent  abscesses  are 
continuously  developing,  burrowing  in  several 
directions,  and  eventually  discharging  to'  the  sur- 
face. Localized  areas  of  inflammation  and  swelling 
appear  as  new  abscesses  form,  while  olSer  areas 
demonstrate  healing  by  dense  fibrosis.  When  the 
foot  is  invqjyed,  it  becomes  teiider  and  painful  and 
loses  most  of  its  original  contour  because  of  swell- 
ing. Draining  sinuses  cover  the  surface,  exuding 
pus-containing  granules,  which  are  readily  seen. 
These  granules  may  be  white,  yellow,  red,  or  black 
in  color,  depending  on  the  fungal  agent.  They  may 
attain  a  size  of  2  to  3  mm.  Aq  experienced  mycol- 
ogist can*#ten  identify  a  specific  maduromycotic 
u  fungal  agent  on  the  basis  of  the  structural  elements 
of  the  granules  produced. 

7-11.  Other  fungi,  such  as  Actinomyces  spp. 
and  Nocardia  spp.  cause  mycetomas;  however,  the 
mycelia  are  considerably  smaller  in  diameter  (less^ 
than  1  micron),  and  they  do  not  produce  the  large* 
numbers  'of  chlamydospores  normally  found  in 
maduromycotic  infections. 

7-12.  The  fungi  responsible  for  this  disease  are 
Allescheria  boydii,  Cephalosporium  falciforme, 
1  Madurella  grisea,  Madurella  mycetoma  and  Phial- 
ophora  jeanselmei.  With  the  exception  of  Cephal- 
osporium, falciforme,  cultures  of  these  fungi  are 
shown  in  detail  A  of  foldout  2  (separate  inclo- 
sure) .  Diagnosis  df  one  of  these  agents  of  madu- 
romycosis formally  begins  With  examination  of 
pus,  currettings,  or  tissue  biopsy  material  for  the 
presence  of  '  granules."  These  granules,  which 
may  vafy  in  size  between  0.5  and  2  mm.,  are  first 
examined  grossly  in  potassium  hydroxide  or  water, 
and  such  characteristics  as  color,  texture,  shape, 
and  size  carefully  noted.  A  granule  should  be 
crushed  between  two  slides  and  studied^microscop- 
ically.  It  is  essential  at  this  point  to  distinguish 
maduromycotic  granules,  which  contaiq  a  myce- 
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lium  between  2  to  4  microns  in  diameter  and 'nu- 
merous chlamydospores,  from  actinomycotic  gran- 
ules which  contain  a  mycelium  of  less  than  1 
>  micron  in  diameter  and  no  chlamydospores.  Jtefer 
to  table  18  for  a  comprehensive  description  of  the 
granules  produced  by  the  agents  of  maduromy- 
cosis. 

7-13.  The  contents  of  the  granules  or  material 
aspirated  from  unopened  lesions,  should  be  cul- 
tured on  Sabouraud's  dextrose  agar  containing  an- 
tibacterial agents.  Cycloheximide  should  not  be 
used  as  some  of  the  fungi  which  cause  maduromy- 
cosis  are  sensitive  to  this  antibiotic.  Prior  to  cul- 
*^uring,  wash  the  granules  in  physiological  saline 
containing  a  combination  of  either  penicillin  and 
streptomycin  (5,000  units/ml.)  or  chlorampheni- 
col (0.05  mg./ml.).  The  granules  may  be  left 
overnight  in  this  solution  prior  to  culturing.  Sev- 
eral tubes  of  media  shotild  be  inoculated  in  order 
to  permit  Incubation  at  both  37°  C.  and  room 
temperature.  Identification  of  these  fungi  is  based 
on  their  morphological  and  physiological  charac- 
teristics which  are  available  in  table  19. 


8.  The  Systemic  Monomorphic  Molds 

8-1.  These  organisms  which  produce  deep- 
seated  human  infections  have  a  taxonomic  position 
which  differs  appreciably  from  that  of  fungi  pre- 
viously considered.  In  order  to  clarify  th§se  differ- 
ences, reference  should  be  made  to  figure  21  and 
comparison  made  to  figure  2,  Chapter  1. 

8-2.  The  fungi  which  will  be  discussed  in  this 
section  include  the  genera  Actinomyces,  Nocardia 
and  Streptomyces.  They  are  grouped  according 
to  Bergey's  manual  with  the  bacteria  in  the  class, 
Schizomycetes.  These  organisms  have  an  irregular 
morphology,  and  they  occasionally  produce 
branching  forms  which  are  generally  considered  as 
rudimentary  mycelium — and  in  some  cases  true 
Mycelium,  This  mycelium  is  quite  thin,  1  micron 
or  less  in  diameter,  and  in  one  family,  the  Actino- 
nffcetaceae.  There  is  a  tendency  to  fragment 
•^quite  readily  into  bacillary  and  coccoid  forms 
which  are  extremely  difficult  to  distinguish  from 
bacterial  cells.  Their  close  relationship  to  the  bac- 
teria is  pointed  up  by  the  fact  that,  like  the  bac- 


v 


Table  18 
Agents  of  Maduromvcosis 


Appearance  in  Tissues 
Morphology  of  Granules 


Species 

Color 

Size 

Shape 

Texture 

v  Contents 

"Cement 

Clubs 

Allescheria 
^boydii 

White  or 
yellowish 

500/i 

Round  or 
lobulated 

Soft 

Hyaline  hyphae  up  to 
5(i  D.  Chlamydojppores 
3-20/1  D.,  especially 
at  the  periphery. 

0 

«» 

0 

Cephalosporiwn 
falciforme 

white  or 
yellowish 

1-1.5 
mm 

Irregular  ^ 

Soft 

Hyaline  hyphae  up  to 
3-4/1  D.  Chlamy- 
dospores up  to  12^D. 

0 

0 
* 

i 

Nfadurclla 
grisea 

black 

1mm  or 
larger 

Round  or 
lobed 

Soft  at  first, 
become  hard 
& -brittle 

Unpigmented  central 
zone  contains  hyaline 
hyphae.  Periphery  of 
large  brown  cells  in 
band  of  dark  brown 
"cement" 

Dark  brown 
"cement"  in 
periphery 
only 

0 

Madurella 
mycetoniii 

black 

U  

1  mm 

Round  or 
lobed 

Virm  at 
first,  Later  - 
hard  and 
brittle. 

Light  brown  or  hy-  J 
aline  hyphae  1-5/iyD. 
Chlamydospores  4$  to 
£5/i.  Abundant  at 
periphery.  Brown  par- 
ticles in  hyphae  and 
chlamydospores. 

Hyphae  em- 
bedded in 
brown  granu- 
lar "cement" 

* 

0 

Phialophora 
jeanselmei  1 

black 
t 

Vari- 
able 

Irregularly 
round  to 
vermicular 
with  hollow 
center  or 
crescent  to 
helicoid 

Soft 

Largely  dark  brown 
chlamydospores 
5-lQ/i^  Occasionally 
brown  hyphae.  x 
< 

0 

0 

^ 
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Table  19 

Agents  op  Madukomycosis:  Morphological  and  Physiological  Charactewstics 


Organirm 


AlUachtria 
boydii 


CrpkaloMjo- 
Hum  falci- 
form* 


Madurrta 
griata 


CoJony  rapid-growing,  fluffy  aarial  my- 
celium, at  flrat  white,  latar  dark  brown- 
Uh-fray.  Havana  of  colony  fray  to 
black.  Rarely  mambranoua  ivory- 
oolortd  coloniaa. 


vHyphaa  byalina  1-S»  D.  Conidla  uni- 
cellular frayiah-brown,  born*  rinfly, 
pyriform  4-8/8-10*  In  duatera  or  cort- 
mia,  Claiatothada  with  S  aporad  aad 
may  be  praaant. 


Colony  alow-growing,  fluffy  or  tufted, 
lavender,  buff,  or  plnldan.  Havana 
currant  red.  May  produce  a  aoluble 
pigmant. 


Colony  alow-growing  with  tan  or  gray 
velvety  aerial  mycelium  over  a  brown 


liadur$Ua 

mycslomii 


Phialopk**  v 


C6|ony  alow-growing  flat  or  folded  mam- 
branoua  or  fluffy  white,  yellow,  or 
yellow-brown. 


Coloniaa  alow-growing,  black,  at  flrat 
moiat  wjth  aldn-ilka  surface,  becomea 
covered  with  grayiab  velvaty  aerial 
mycelium.'  Black  on  revarae. 


Mitromnjnc  Uorpkobn 


Hypnae  hyalina  8-4^  D.  ^onidia  dckle- 
ahaped  borne  aucceedvery  In  terminal 
duatera  from  aimpla  conidiopborea. 


Hyphae  of  two  typea:  pale  thin  cylindri- 
cal 1-Sm  or  dark  thick  "toruloid"  mada 
up  of  chaina  of  budding  cella  S-V 
Chlamydoaporea  rare.  Conidla,  acla- 
rotia,-or  hyphal  Indusiona  a  been  t. 


Hypnae  1-6>i  with  numeroua  chUmydo- 
iporea  up  to  25M  D.  Soma  atraina 
produce  conidia  from  tiny  flaak-ehaped 
pbialidaa.  Black  •derotla,  up  to  750* 
aometimee  produced.  7 


Hyphae  at  flrat  "toruloid"  mada  up  of 
chaina  of  budding  cella,  later  becomea 
straight  and  regular.  Conidia  pro- 
duced tn  tube-like  pbialidea.  Pul- 
lularia-Uke  aporulation  alao  described. 


Opiimu 
Tmptntur* 


80•-S7•  C_ 


80#  C. 


80»  C. 


S7»  C. 


80s  C  


PreieefaMe 


Weak 


Weak 


Weak 


AmiUlyHc 


C«r6en 
AmimUati»n 


Maltoaa  0 


Maltose  ^r- 


8ucroaa'+ 


Sueroee  0 


Sucroee  + 


Nora:  A.  WyM.  C. u4  F.j-mm 
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teria,  they  cause  suppurative  tissue  reactions  and 
are  sensitive  to  many  of  the  same  antibiotics.1  An- 
other feature  of  the  family  Actinomycetaceae  is  3 
lack  of  chitin  and  cellulose  in  the  cell  walls.  Bac£ 
teria  lack  these  substances,  while  they  are  normal 
constituents  of  the  walls  of  the  Eumycetes,  the  true 
fungi.  It  has  not  been  conclusively  established 
whether  Actinomyces  spp.  and  Nocardia  spp.  are 
bacterial  or  fungal  in  nature.  Although  they  were 
discussed' briefly  in  Volume  2,  Chapter  5,  The 
Acid-Fast  Bacilli,  we.  will  consider  them  as  fungi 
for  purposes  of  this  .work,  since'  the  diagnostic 
techniques  used,  closely  resemble  those  used  for 
other  mycotic  agents. 

8-3.  Clinical  Aspects  of  Actinomycosis.  Ac- 
tinomycosis is  a  worldwide  chronic,  suppurative,  - 
granulomatous  infection  which  may  exist  in  .sev- 
eral well-defined  clinical  forms.  The  causative 
.agents  of  .the  disdase  have  never  been  isolated* 
from  any  natural  habitat  outside  the  human  body; 
however,  their  existence  in  saprophytic  and  parasi- 
tic form  in  man  and  animals  is  common.  Ip  tonsils 
removed  by  tonsillectomy,  a  significant  nunjber 
contain  an  anaerobic  actinomycete.  Anaerobic  acti- 
nomycetes  are  common  inhabitants  of  the  tonsillar 
crypts,  gingiva  and  teeth  of  apparently  normal  inr 
dividuals.*  Therefore,  the  disease  must  be  con- 
sidered endogenous  in  origin.  ' 


-4.  Cervicofacial  actinomycosis  due  to  Acti- 
nomyces israelii  frequently  follows  tooth  extrac- 
tion or  fractures  of  the  teeth-bearing  areas. 
Usually,  the  primary  site  of  infection  is  at  the 
angle  of  the  jaw,  although  the  mamillary  sinus  is 
also  particularly  susceptible.  After  gaining  entry 
the  organisms  spread  to  soft  tissue  and  bone  of  the 
face  and  neck,  causing  much  swelling  and  the  de- 
velopment of  abscesses  which  drain  a  purulent 
fluid.  The  fluid  contains  tiny  yellowish-white  fria* 
ble  masses  of « the  causitive  fungi,  commonly  re- 
ferred to  as  "sulfur  granules."  % 
;  8-5.  Actinomyces  bovis  causes  a  similar  disease 


KINGQOM— Plont 

•  SUBKINGDOM-Thalfophyta 

PHYLUM— Schi|4mycophyta  * 
y  CLASS— Schtzomycetes 

>3l35ER— ActinomycttoTcs 
FAMILY— Act 

GENUS— Actinomyces 
'  GENUS— Nocardia 
FAMILY— Strtptomycttateat 
GENUS— Strtptomycts 


Figure  21.  Classification  of  systemic  monomorphic 
molds. 
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in  cattle  tharis  commonly  referred  to  as  "lumpy 
jaw."  Cervicofacial  actinomycosis  is  the  most 
commonly  occurring  form  of  the  disease  in  hu- 
mans. Another  type  of  infection,  thoracic  actino- 
mycosis, is  caused  by  aspiration  of  the  organism 
from  the  mouth.  Eventually,  draining  sinuses  may 
penetrate  to  the  body  surface  and  the  purulent  ex- 
udate contains  the  typical  "sulfur  granules." 

8-6.  Abdominal  actinomycosis  may  develop 
from  traumatic  injuries  to  the  intestinal  wall,  since 
A  ctinomyces  israelii  is  often  present  asympfi^mati- 
cally  in  the  human  intestine.  Occasionally,  it  de- 
velops in  the  appendiceal  area  with  no  evidence  of 
external  trauma.  This  disease  may  occur  anywhere" 
in  the  body  through  blood  stream  dissemination; 
however,  this  is  the  exception  rather  than  the  fule, 

8-7.  Laboratory  Diagnosis  of  Actinomyocosis. 
A.  israelii  and  A.  bovis  have  the  following  general 
physiological  characteristics.  They  both  require 
anaerobic  or  microaerophilic  conditions  and  an 
enriched  medium  such  as  brain-heart-infusion 
agar,  brain-heartirfusion  bl&od  agar  or  thiogly-*, 


collate  broth  for  primary  isolation.  The  optimum 
pK  range  of  the  media  is  between  6,8  and  7.4  with 
incubation  at  37°  C.  rrequent  transfers  are  neces- 
sary to  maintain  these  organisms,  since  they  tend 
to  die  off  quite  rapidly  due  to  the  depletion  of  es- 
sential growth  factors  and  Jthe  accumulation  of 
acids. 

9  8-8.  See  table  20,  The  Physiological  Character- 
istics of  Actinomyces  israelii,  A.  bovis,  A.  naes- 
lundii  and  Anaerobic  Diphtheroids.  From  a  mor- 
phological standpoint  most  strains  of  A.  israelii 
produce  rough  (R)  colQnies  while  the  majority  of 

}A,  bovis  isolates  are  smooth  (S).  The  (R)  colo- 
nies of  A. -israelii  are  dull  white,  heaped  up,  and 
irregular  and  show  spiderlike  filaments  on  the  agar 
surface.  Mature  colonies  give  the  apptearance  of  a 

-  molar  tooth.  In  thioglycollate  broth  A.  israelii  pro- 
duces discrete,  lobated,  breadcrumb-type  colonies 

y  about  1  centimeter  below  the  surface.  Gram  stain* 
of  tbis.  growth  reveals  branching  filaments  .which 
readily  fragment  to'epecoid,  bacillary  or  dipther- 


'. Table  20  ;  . 
Physiological  Characteristics  of  Actinomyces  Israelii  A,  Bovis,  A,  Naeslundh, 
%  and  Anaerobic  Diphthejuods 


Acflaaa^cat  israe/N 

Acflnewj/..  eeWs 

Actltmmycm*  nee./uwd// 

Anaerobe  diphtkfld* 

Hm*\mmm  Grawth  Rmc^J 

3-7  Days 

2-3  Day* 

1-2  Days 

3-4  Day. 

0^  Raquirwnants 

Andereatc  (ar  micraaerephilrc 
oftar  Hrit  iialatien) 

Anaerobic  (or  Niicreoerophilic 
aftsr  fir.t*»oletien) 

Fecultotive,  especially  in  . 
presence  el  increased  CO2. 

Anaarabic  ar  micro oaraphillc 

Aaroaic  condition* 

Oar  I* 

Oor  !♦  * 

I*  to  2* 

0  or  1  ♦  k 

Air  ♦  10%  CC^ 
(Canal,  jar)  " 

0  or  1* 

0  or  \  • 

4* 

Oor  1* 

Anoorabic  condition* 

(N,  ♦  COj) 

4* 

4*  • 

4* 

4* 

Catmlmtm  praductlon 

0  ' 

0 

0 

Starch  hydrolysis 

frO 

4*  *> 

iofO 

0 

1  *  

Nitrata  Auction 

80%,* 

0 

90%  ♦  w 

Usually  ♦* 

Indal  formation 

0 

o  V 

0 

Usually 

Gaiotin  liquifoction 

0 

0 

0 

♦  (May  fake  1-3  weaks)** 

Litmot  milk/ooctions 

0  ta  1  *.acid.  Na  caogolatian. 
Slight  reduction.,  N  a  peptoni- 
zatian 

?V  I*  acid.  No  coafulatlan. 
Slight  reduction.  No  peptoni- 
^  zatian 

0  to  1  ♦  acid  wjth  flight 
reduction.  Or  acid  and  acid 
clot.  Na  peptonisetion 

Acid  fallawad  by  papronl za- 
tian, (May  taks  1  ta  3 
weeks,)** 

Sugor  Fermentation 

(Production  of  acid  only) 

Gluces. 

*> 

4- 

XyleSo 

80%  * 

0 

0 

0 

Mann  i  tat 

80%  + 

0 

0 

Raffina.a 

Variable 

0 

80%  ♦ 

Variabla 

Starch 

20%  ♦ 

♦ 

20%  ♦ 

0 

Glycsrai 

0 

Occasionally  ♦ 

0 

4- 

'  With  Corynmkacfriwn  acn.J,  uiually  •trhmr  nitrite  or  indole,  or  both  arm  produced. 
Severql  non-prataolytic  ipecie.  af  enoertbic  Corynaoacfarfum  havs  baan  reported,  but 
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I  Table  21 

]  MomraotoGicAL  CHMtAcmoncs  of  Actinomyces  Israelii,  A.  Bovis,  A.  Naeslunm, 
*  and  Anaerobic  Diphtheeiods 


Morphology 

Actinomyces  israelii* 

Actinomyces  bovis 

Actinomyces 
naeslundU 

-  Anaerobic 
Diphtheroids 

A.  Gross  Morphol-  ' 
ogy  on  BHI 
_  Agar  with 
Anaerobic  in* 
cubation  at 
37*  C 

1.  Colonies  ex- 
N*amined  after 
*       48  hours 
under  the 
microscope 
100X. 

Colonies  usually  only 
seen  microscopically. 
They  appear  as  a 
loose  mass  of  long 
branching  filaments 
dn  agar  surface 
(^spider"  colonies}. 
Or^appear  as  small 
wm't&h, granules  with 
a  rougnsurface  and 
a  xnngea  yEcc-iiie 
border.  Smooth  sur- 
faced pin-head  sized 
colonies  with  slightly 
fuzzy  edges  may  oo-  . 
cur  in  some  strains — 
"S"  forms. 

/ 

Cokmiei  are  usually 
pinhead  in  size,  trans- 
parent, and  look  like ' 
dew  drops.  They  ap- 
pear smooth,  slightly 
convex  with  entire 
edge.  Microscopically 
they  show  a  smooth 
but  granular  surface 
with  a  granular  or 
oenncuiaxe  eoge.  some 
strains  are  more 
opaque,  rough  sur- 
faced and  have  an  ir- 
regular or  fuzzy  bor- 
der. Rare  strains  are 
microscopic  in  size, 
and  appear  as  mycelial 
"spider"  colonies  as 
seen  in  UR"  A.  israelii 
strains. 

Colonies  similar  to  f 
those  of  A.  bovis 
or  A.  israelii.  .. 

"S"  forms  most 
common. 

> 

i  • 

Pin-head  steed 
smooth,  transparent 
glistening  colonies 
with  smooth  edge. 

2.  Colonies  ex- 
amine  d  after 
7  to  10 
days. 

Raised  irregular  to 
lpbulated  colonies 
with  white  glistening 
Surfaces  ("molar 
tooth"  colonies). 
They  tend  to  index; 
the  agar  and  axe 
easily  moved  as  a 
whole.  Smooth  sur- 
faced colonies  which 
are  slightly  convex  « 
with  smooth  edges 
may  occur  in  some 
strains—4^  forms. 

Colonies  smooth  con-  < 
vex,  cream  to  white 
and  »frininy  with  en- 
tire border.  Some 
strains  show  conical 
or  irregular  lumpy 
surface  and  scalloped 
borders  (may  look 
like  an  inverted  rasp- 
berry). Rare  strains 
produce  typical  "mo- 
lar tooth"  colony 
seen  in  "R"  A.  israelii 
strains. 

Colonies  similar  to 
those  of  A.  bovis 
or  A.  israelii. 

"S"  forms  most 
common. 

Smooth  colonies 
which  may  show 
granular  surface, 
ana  enure,  sugnuy 
granular,  edge. 

B.  Growth  in 

ThioglycoUate 
Broth  at  37  C. 

Distinct  colonies  which 
are  rough  and  lobu- 
lated  or  show  fuzzy 
etfges.  Colonies  do 
not  break  up  when 
tube  is  shaken.  Broth 
is  clear.  Smooth 
strains  may  appear  * 
more  diffuse.  * 

V 

Most  strains  produce  a 
soft,  diffuse  growth. 
Other,  strains  produce 
large  tabulated  bread- 
crumb colonies  which ' 
are  easily  broken  up. 
Flaky  or  mucoid 
growth  is  seen  in  some 
strains.  Rare  strains 
produce  granular  dis- 
crete colonies  as  seen 
in  "R"  A.  israelii 
strains. 

Rapid  growth— 
usually  more  dif- 
ruse  tnan  a.  oovis, 
granular  or  flocose 
colonies  may  be 
present.  Broth 
somewhat  cloudy* 

Rapid  growth— dif- 
fuse, and  often  pink 

nnArw+A   TVndft  to 

concentrate  along 
side  of  tube.  Colo- 
nies easily  broken 
up.  Broth  cloudy. 

C.  Microscopic 
Morphology. 

Gram  positive  rods  and 
branched^  forms,  1 
micron  or  less  in  di- 
ameter. Variations  in 
diameter  and  clubbed 
ends  art  common. 
Long  mycelial  fila- 

^ments  occasionally 
seen.  Nbabranchmt 
dfptheoroid-like  rods 
only  may  be  formed 
by  "S"  forms. 

Gram  positive  diph- 
theroid forms  most 
common.  Difficult  to 
find  branching.  Some 
strains  somewhat  mote 
filamentous.  Rare 
MR"  strains  show  long 
branching  filaments. 

Similar  to  A.  bovis 
or  A.  israelii,  but 
more  irregular 
forms.  Gram  posi- 
tive short  mycelial 

*  forms  with  many 
branches.  Some 
thick,  very  irregu- 
lar forms,  and  few 
.long  mycelial  ele- 
ments which  vary 
in  thickness 
throughout.  Some 
diphtheroid-like 
forms. 

Gram  positive  bacil- 
lar  or  slightly 
branched  organisms. 
MX"  or  ttY"  shaped 
forms  commonly  oc- 
cur. 

< 

jods. forms.  The  (S)  colonits  of  A:  bovis  are  lack-, 
ing  in  spidery  filaments,  and  appear  moist,  com- 
pact, rounded,  and  glistening.  When  cultured  in 
thioglycollate  broth,  a  turbid,  appearance  is  com- 
mpn,  with  Aiany  of  the  organisms  settling' to  the 
bot'tom  of  the  tube.  Several  types  of  growth  pat- 
terns are  produced  by  A.  bovis  in  thioglycollate 
broth,  depending  on  thte  strain.' A  Gram  stain  of 
thisr  (S)  type  growth  will  usually  reveal  only  bacil-* 
~  lary  forms  due  to  <the  fragility  of  the  filaments. 
8-9.  The  clinical  specimen  usually  received  in 
the  mycology  laboratory  is  pus,  either  aspirated  * 
from  a  closed  lesion  or  collected  in  av  sterile  tuj)e 
from  a  draining  Sinus.*  Sputum  may  be  submitted 
in  those  cases  where -pulmonary^actinomycosis  is 
•suspected.  The  pus  or  sputum  should  be  spread 
out  and  searched  carefully  for  "sulfur  granules."" 
The  tiny  graiftiles,  2  to  5  mm.,  in  diameter,  are 
round  and  firn}  in  consistency.  They  should  be  re- 
moved and  placed  in  a  small  amount  of  sterile  sa- 
line prior  to  preparation  of  fresh  mounts,  stained 
smears  aiyl ,  cultures,  If  the  granules  are  gently 
prised  between  slide  and  coverslip  for  direct  ex- 
amination, we  sec  a  lobated,  opaque  body  under 
low  magnification.  There  may  be  gelatinous 
projections,  or  clubs,  over  tfie  surface  of  the  gran- 
ule;  however,,  these  sometimes  do  not  occur.  High 
magnification  shows  the  granule  to  be  composed 


of  intertwined,  delicate,  and  branched  filaments 
of  I  micron  or  less  in  diameter. 

8-10.  The  granule*  should  be  crushed  and 
smeared  out  on  the  slide  for  Oram  and  add-fast 
staining.  The  Gram-stained  slide  will  reveal  thin 
Grani-positiye,  branched  jnycelium  and  many 
short  lengths  of  Gram-negative  mycelium  tfhich 
closely  resemble  bacilli.  These  Gran^negative, 
rod-shaped  forms  a£re  the  result  of  physiological 
changes  in  older  colonies.  If  no  granules  are  found 
in  the  pur  or  sputum,  smears  of  the  clinical 
'  material  should  be  stained  and  examined  for 
Gram-positive  branched  forms.  If  non-acid-fast, 
branching,  Gram-positive,  thin  fonps  resembling 
Actinomycetes  spp.  are  observed,  or  if  the  physi- 
cian suspects  Actinomycosis  pn  .the  basis  of  the 
clinical  picture,  cultures  should  be^ade. 

'  8-1 1.  Suspicious  colonies  can  bo  picked  from 
streaked  plates  and  inoculated  in  thioglycollate 
broth  which  will  more  readily  reveal  thb  typical 
branching  forms.  Pure  cultures  are  essential  for 
use  in  physiological  testing,  Actinomyces  naeslun-  ■„ 
dii,  a  common  inhabitant  of  the  mouth,  has  to  date 
demonstrated  no  pathogenic  properties  and  may 
be  readily  differentiated  from  A.  israelii  or  A. 
bpvis  by  its  ability  to  grow  aerobically.  Anaerobic 
diphtheriods  which  closely  resemble  the  (S)  forms 
oT/4.  bovis  and  A.  israelii  fortunately  can  be  read- 


Jr^~^          Table  22                        ,  , 
'    ,  ■>             Laboratory  Idi&t^caWi  and  Differentiation  of  Pathogenic  Nocardia  and 
.  f                         *     j          Streftomyces  " 

1 

Demonstration  of  Branched 
Mycelium,  characteristic 
of   ActinomycsU*  (slide 

•  culture) 

Nocardia  asteroids* 

Nocardia  bratWeniia 

Streptomyct*  $p. 

Branched  mycelium  form 
* 

,  Branched  mycelium  form 

Branched  mycelium  form 

Demonstration  of  add-fast 
staining 

*  :  ;  S 

Partially  add-fast 

Partially  add-fast 

Not  add-fast  with  excep- 
tion of  occasional  spores 

-r 

Other  spedea  of  Nqcardta  are  not  odd-fast  t 

Hydrolysis  of  Casein 

i 

\>oea  not  hydrolyze  casein 

Readily  hydrolyzes  casein 

Readily  hydrolyzes  casein 

Growth  in  Gelatin 

Does  not  grow;  or  grows 
poorly  produdng  thin, 
.flakjr,  white-growth^ 

-  Readily  grows,  produc- 
ing compact,  round 
.  colonies  • 

May  or  may  not  produce 

good  growth;  growth 
v  will  be  stringy  or  flaky 

4 

Pathogenicity  to  guinea^* 
pis 

Usually  pathogenic  to  ruin- 
Apig          '   #  * 

Usually  not  pathogenic 
to  guinea  pic 

Not  pathogenic  to  guinea 
pig 

3? 
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^  Tabl*  23 

Aeeobic  Agents  of  Actinomycotic  Mycetoma— Geographic  Disttubution  and 

Appeajiance  in  Tissues 


Speaiee 
9omali*n$i9 

Q9ographio  Distribution 

Conon  cause  of.  mycetomas  *\ 
in  Africa 

Also  present  in  Saudi  Arabia, 
Braii-TTand  Mexico  0 

j0                         App9aitana9  in  Tieeuee 

Grains  usually  present.    They  are  large  (up  to  1.25  mm  D.), 
yellowish  to  sligfitly  pink,  round  or  oval?  compact  and 
very  hard. 

*> 

Microscopically,  grains  consist  of  a  matrix  of  amorphous 
material  with  mycelial  filaments  abundant  near  the 
periphery,  but  not  at  edge  of  granule.    No  clubs' have 
been  observed.  « 

StT9ptO*iy099 
p9ll9ti9Tii 

Qause  of  mycetomas  in 
Africa  and  Latin  America 

Grains  usually  present.    They  are  small  (less  than 
1  mm  D.),  deep  garnet  red  With  irregular  shape  and 
smooth  or  denticulate  edges  -  often  lobulated. 

Microscopically,  the  grains  show  a  homogenous  natrix, 
and  mycelial  filaments  are  difficult  to  see.  No 
clubs  have  been  observed. 

StT9ptomyo99 
madura9 

Cause  of  mycetomas  ail 
over  the  world.  Repprted 
from:    North,  Central,"  and 
South  Aaerica,  Africa, 
India,  Europe,  and  Australia 

i 

Grains  usually  present.    They  are  very  large  (more 
than  1  mm  D.),  yellowish  to  white  or  slijhtly  pink, 
„ usually  irregular  to  serpiginous  in  shape. 

Microscopically,  center  of  grain  appears  empty  or  only 
loosely  filled  with  mycelial  filaments.    A  dense  network 
or  mantle  of  filaments  surrounds  central  area.  These 
filaments  radiate  outward  and'  are  surrounded  by 
amorphous  material  forming  clubs.    Clubs  are  usually  " 
numerous  and  very  long  (up  to  25  microns)  may  taper  ' 
to  pointed  ends  or  may  branch. 

Nooardia 
brct9ili9n9i9 

'  Coma on  cause  of  both  myce- 
tomas and  pulmonary  disease 
in  Mexico.    Also  present  in 
Central  Aaerica,  South 
America,  Africa  and  the 
United  States,  and  India 

Grains  usually  present.    They  are  small,  yellowish, 
lobulated  and  soft. 

Microscopically,  the  grains  appear  homogeneous.  Mycelial 

f  i  1  AMAnf<    ATA    difficult'    to   nhtarvi        Plnh*    m  m  \r   n  t  bav 

not  be  present.     If  grains  do  not  occur,  organism 
is  seen  as  freely  branching  filaments  (acid-fast)  in 
the  tissues. 

Soaardia 
tt9t9roid99 

Cause  of  both  systemic 
cisease  and  mycetomas 
all  over  the  world 

Grains  may  or  may  not  occur.    They  are  very  small,  creaa 

to  white.  " 

Microscopically,  the  grains  are  homogeneous  or  coaposed 
of  a  loose  clump  of  aycelial  filaments.    Clubs  may 
or  may  not  be  present. 

*  If  grains  do  not  occur,  organism  is  seen  as  freely 
branching  filaments  (acid-fast)  in  the  tissues. 

ily  differentiated  on  the  basis  of  biochemical  tests. 
Refer  to  tables  20  and  21  for  the  morphological 
and  physiological  characteristics  of  the  actino- 
myces  and  the  anaerobic  diphtheroids. 

8-12.  Nocardiosis.  Npcardia  spp.  cause  a 
chronic  or  acute  granulomatous  or  suppurative 
disease  in  man  and  animals  which  may  be  sys- 
temic, resembling  tuberculosis,  or  subcutaneous  in 
the  form  of  a  mycetoma.  Several  filamentous 
members  of  the  order  ActinomycetalQ  produce 
human  disease  in  addition  to  Actinomyces  israelii. 
At  one  time,  they  were  all  classed  in  the  Genus 
Nocardia.  Some  of  them  are  now  considered  to  fall 
in  the  Genus  Streptomyces,  and  they  also  will  be 
/  discussed  in  this  section.  The  causative  fungi  erf 
Nocardiosis  are  saprophytic  in  the  soil,  and  there- 
fore/the  disease  is  exogenous  in  origin.  The  dis- 
ease is  cosmopolitan  in  distribution  with  greater 
prevalence  in  the  tropic  and  subtropical  areas  of 
the  world.*  Pulmonary  infections  result  from  the  in- 
halation of  the  causative  fungal  agent,  while  the 
mycetomal  form  normally  results  from  the1  pene- 


tration of  the  fungus  due  to  injury.  No  transmit 
sion  between  individuals  or  animals'  and  humans 
takes  place.  Refer  to  table  22  for  species  differen- 
tiation. 

.  8-13,  Clinical  aspects  of  Nocardiosis.  The  pul- 
^  monary  disease  is  caused  primarily  by  Nocardia 
asteriodes.  Nocardia  brasiliensis  may  also  cause 
this  form  of  the  disease,  but  the  organism  is  more 
often  associated  with  the  mycetomal  type  of  infec- 
tion. As  previously  stated,  pulmonary  nocardiosis 
occurs  as  a  result  of  inhalation  of  the  fungal 
spores,  and  the  infection  often  remains  confined  to 
the  lungs.  Blood  stream  dissemination  is  not  un- 
usual and  the  organism  attacks  the  central  nervous 
system  in  about  a  third  of  the  cases  of  disseminated 
nocardiosis.  After  entry  to  thejungs,  single  lesions 
may  develop,  but  the  more  common  picture  is  one 
of  scattered  infiltration  of  a  military  type  resem- 
bling tuberculosis.  There  is  a  tendency  for  the  le- 
sions to  penetrate  the  pleural  wall,  causing  ab- 
scesses on  the  chest  wall  and  rib  involvement.  As  a 
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/Table  24 

Aerobic  Agents  of  Actinomycotic  Mycetoma  Cultural  and  Physiological 
*  J  Characteristics 


SPECILS 


Streptomycet 
tomal i*n»i  a 


Strqp  tomyce* 
p*l  letter ii 


Strcptomyot* 
maduraa 


Nocardia 


MORPHOLOGY  IN  CULTURE 
(Sabouraud  Dextrose  Agar) 


Colony  (Gross):    Creamy  colored  wrinkled  flaky 
growth  loosely  adherent  to  agar.Tlay  develop 
a  tan  aerial  mycelium.     Old  colony  may  be 
brown  or  blackish.  No  diffusible  pigment. 

Microscopic  exam:     Delicate  branched  mycelium 
less  than  1  micron  in  diameter.    Aerial  myce- 
lium may  show  chains  of  spores.  Mycelium 
not  acid'fast. 


Colony  (Gross):    Very  small  glabrous,  dry 
granular  adherent  colonies.     Fungus  grows 
very  slowly.     Colonies  first  pale  pink, 
then  deep  garnet  red.     No  aerial 
mycelium.     No  diffusible  pigment. 

Microscopic  exam:     Delicate  branched 
mycelium,  less  than  1  micron  in  diameter. 
Conidia  rarely  seen.     Not  acid-fast .  


Colony  (Gross):    Moderately  fast  growing 
adherent  cream  colored  glabrous  colony  with  a 
firm  hard  surface  usually  shiny  and 
wrinkled.     Colonies  may  develop  a  fthitish 
powdery  aerial  mycelium. 

Microscopic  exam:     Delicate  branched 
mycelium,  less  than  1  micron  in  diameter. 
Chains  of  conidia  may  be  seen.  Not 
acid-fast.  »  - 


Hoaardia 
aoteroide* 


Colony  (Gross):     Rapid  growing,  heaped 
wTinkled  or  folded  colony.     Pale  tan  to 
yellowish,  orange  or  red-orange.    May o 
be  glabrous  oj  covered  with  white 
powdery  aer iaT\myceHum .     Some  strains 
produce  brovminV-**tRe  medium. 

Microscopic  exam:     Short  irregular  rods 
and  occus  forms  predominate.  Long 
branched  mycelial  forms  best  seen  in 
liquid  or  slide  culture  preparations. 
Forms  less  than  1  micron  in  diameter, 
partially  acid-fast,  often  beaded. 
Terminal  conidia  seen  in  some  strains. 


Same  *as  above. 


physiological  characteristics 


Optimum 
Temperature 


f 


30° 


37° 


37° 


30° 
(Some 
strains 
grow  well 
at  370 
also.) 


37° 
(Some 
strains 
grow  bet- 
ter at 
30°.) 


Proteolytic 
Activity 


Amylolytio 
Aotivity 


*  Pathogenioity  for 
guinea  pig  or  mouee 


Pathogenicity  tests 
in  mice  and  guinea 
pigs  not  successful 


Pathogenicity  tests 
in  mice  arid  guinea 
pigs  not  successful 


Pathogenicity  tests 
in  mice  and  guinea 
pigs  not  successful 


Abscesses  and  grains 
day  be  produced  in 
mice  and  guinea  pigs 
with  some  st/ains 


Usually  more  virulent 
for  the  guinea  pig 
than  N,  braeilitneie  ♦ 
Abscesses  without 
grains.  Frequently 
causes  death 
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result  of  these  extensions,  thoracic  skin  lesions  of  a 
draining  sinus  type  may  develop. 

8-14.  Actinomycotic  mycetoma  may  result 
from  injuries  contaminated  with  Nocardia  brasi- 
liensis,  Streptomyces  madurae,  Streptomyces  pelle- 
tieri,  or  Streptomyces  somaliensis.  The  gross  mor- 
phology of  two  of  these  fungi,  is  shown  in  detail  B 
of- foldout  2.  Frequently  the  foot  is  involved,  since 
1  mkny  people  go  barefoot  in  the  warm  humid  areas 
of  the  world.  The  fungal  tumor  resembles  that  de- 
scribed for  mycetomas  ,due  to  Actinomyces  israelii 
The  variations  result  because  the  different  etiologi- 
cal agents  of  mycetoma,  may  have  an  affinity  for 
different  tissues.  Also,  "sulfur,  granules,"  when 
they  afej>roduced,  will  vary  considerably  in  mor- 
phology and  color,  dependent  on  the  causative 
fungal  agent.  Refer  to  table  23  for  geographic  dis- 
tribution and  appearance  in  tissue. 

8-15.  Laboratory  diagnosis  of  pocardiosis. 
Clinical  materials  such  as  pus,  sputum,  tissue  or 
spinal  fluid  are  collected  in  sterile  containers.  Pus 
and  sputum  should  be^  carefully  examined  for 
grams,  although  they  are  generally  absent  from  the 
sputum  in  cases  of  pulmonary  nocardiosis.  Acid- 
f astland  Gram  stains  should  be  performed  on  fresh 
materials*,  such  as  centrifugcd  sediment  in  the  case 
of  ipinal  flfiid  or  concentrates  of  sputum  and  gas- 
tric washings.  When  grains  are  found,  they -should 
be  grossly  examined  and  then-crushed  and  staifid 
and  microscopically  examined.  The  presencTdl 
partially  acid-fast,  Gram-positive,-  thin-branchfed 
mycelium  is  indicative  of  a  Nocardial  infection. 
Refer  to  table  23  for  a  resuifce  of  the  gross  and 
microscopic  appearance  of  grains  from  tissue.  ' 


8-16.  The  specimen  should  be  cultured  on  Sa- 
bouraud's  dextrose  agar  without  antibiotics,  since 
N.  asteriodes  and  N.  brasiliensis  are  sensi^ve  to 
these  substances.  It  has  been  demonstrated  that 
some  strains  of  the$e  organisms  loss  their  viability 
when  subjected  to  the  digestion  and  concentration  * 
techniques  normally  employed  for  the  recovery  of 
tubercle  bacilli;  therefore,  the  specimen  s'houlchbe 
inoculated^on  qulture  media  both  prior  to  and  fol- 
mt  lowing  concentration.  Multiple  cultures  should  be 
inoculated  to  permit  incubation  at  both  room  tem- 
perature and  at  37°  C.  This  is  necessary  because  - 
some  strains  of  N.  asteriodes  will  grow  well  at  ope 
.  temperature  and  not  at  the  other.  The  technician  , 
should  be  aware  of  the  fact  that  these  organisms  t 
grow  quite  readily  on  media  used  for  M.  tubercu- 
losis, particularly  if  incubated  at  37?  C.  The  colo-  * 
nies  of  Nocardia  spp:  will  develop  earlier  than  the 
tubercle  organism  (within  1  to  2  weeks)  and  ap- 
pear similar  to  the  "atypical"  or  saprophytic  forms 
^of  mycobacteria.  In  order  to  detect  the  partially 
acid-fast  branched  mycelium  of  NocardiZ  spp.  a 
careful  examination  of  the  early  grovyth  is  neces- 
sary and  may  be  quite  rewarding.  f 

8-17.  Afcimal  inoculation  has  been  shown  to  be 
impractical  for  routine-  diagnosis.  Identification 
should  be  established  on  the  basis  of  morphologi- 
cal and  physiological  characteristics.  The  biochem- 
ical tests  routinely  used  for  identification  and 
differentiation  of  the  Nocardia  spp.  and  the  Strepto- 
myces spp.  include  the  casein  hydrolysis  test  and 
Jhe  gelatin  test.  Study  table  24  for  the  laboratory 
identification  and  differentiation  pf  pathogenic 
Nocardia  and  Streptomyces  spp. 
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C  H  A  P.  T  I  R  3 


The  Pathogenic  Dimorphic  Fungi 


THE  TERM  "dimorphic,"  which  implies  two 
shapes,  refers  to  that  group  St  fungi  that  have 
the  unique  capability  of  existing  in  two  morpho- 
logically distinct  forms.  When  incubated  on  an  ar- 
tificial substrate  at  25°  C,  these  organisms  will 
grow  in  a  nroldlike  filamentous  form;  incubation 
of  the  same  organism  on  the  same  substrate  .at  37° 
C.  will  result  iq  the  development  of  mucoid,. bac- 
terialike  colonies  of  budding  yeast  cells. 

♦2.  The  filamentous  moldlike  growth  occurs  in 
nature  and  is  referred  to  as  the  saprophytic  form. 
Human  and  animal  infections  result  when  spores 
produced  by  the*  saprophytic  form  are  introduced 
into  the  body  either  from  tissue  damage  br  by  in- 
halation.  Following  entry,  the, yeast  or  parasitic 
form  of  the  fungi'develops  in  the  host*  whose  tem- 
perature approximates  37°  C. 
*  3.  Jfhe  dimorphic,  or  as  they  are  sometimes 
called,  the  diphasic  fungi,  cause  the  most  serious 
fungal  diseases  in  man.  This  chapter  will  discuss 
Sporotrichum  schenkii,  Coccidipides  immitis,  Blas- 
tomyces dermatitidis,  Paracoccidioides  brasittensis 
a&l  Histoplasma  capsulation  from  the  standpoint 
of  their  clinical  effects  in  man  and  the  methods 
used  in  laboratory  "identification. 

9.  Subcutaneous  Group 

,9-1.  With  the  exception  of  Sporotrichum  schen- 
kii, which  generally  infects  subcutaneous  tissues, 
the  dimorphic  fungi  cause  diseases  that  are  incura- 
ble unless  diagnosed  early  so  that  proper  thera- 
peutic treatment  can  begin.  Tljey  also  confuse 
diagnosis.  It  has  been  estimated  that  about  8  per- 
cent of  those  people  confined  to  tubercular  sani- 
tariums actually  are  infected  with  chronic  pul- 
monary Jiistoplasjppsis,  a  disease  caused  by 
Histoplasma  fefitylatwn.  Patients  ill  with  histo- 
plasmosis are  also  likely  to  contract  tuberculosis. 
On  the  other  hand  those  people  with  tuberculosis 
are  not  subject  to  histoplasmosis  from  other  pa- 
tients because  the"  disease  is  not  transmissible  in 
the  parasitic  or  yeast  form.  This  principle  holds 
for  all  the  pathogenic  diphasic  fungi. 


9-2.  Wl^n  working  with  the  dimorphic  fungi  in 
pure  cultufe,  a  bacterial  safety  hood  is  essential. 
Extreme  Mution  and  the  best  possible  aseptic 
techniquiepiust  be  used  continually  to  prevent  labf- 
oratory  iMections.  The  highly  infectious  spores, 
producedily  the  mold  form  of  these  fungi  easily 
.  become  ^irborne  if  fhe  culture  tube  is  shaken  or 
handled  roughly. 

9-3.  fporotrichpsis,  caused  by  Sporotrichum 
schenkii]  is  usuafiy  a  chronic,  subcutaneous,  lym- 
phatic, mycosis  and  is  found. frorldwfde.  On  rare 
occasions;  this  fungal  agent  may  disseminate  to 
pause  ^generalized  irfection  of  the*  bones,  Joints, 
and  '4fj4k  organs,  sporotrichum  schenkii  has  a 
wide  ^ptribution  in  nature.  Investigators,  have 
foun<j|iluas  a  saprophyte  on,living  and  dead  vege- 
utiv||imtter^as  well  as  in  animal'  excreta.  One 
paiticiwjr  investigation  demonstrated .  that  its 
growro#n  mine  timbers  was  markedly  enhanced  ir\ 
thc  ^emperature  was  maintained  between  79°  F. 
and^fijfP  F.  and  the  relative  humidity  never  fell 
bel^J£2  percent.  The  disease  is  found  predomi- 
nanft^jm  people  who  work  and  play  outdoors.  Flo- 
rist^ are  frequently  exposed  to  infection  by  virtue 
of  bf|l§ing  thorny  plants  which  may  be  harboring 
theiMjpnism.  •  « 

9p|fLocalized  lymphatic'  sporotrichosis,  the 
most  |$mmon  form  of  the  disease,  normally  re- 
sults ft|m  implantation  of  the  spores  in  the  subcu- 
taneoMtissue  during  a  penetrating  injury  from  a 
thojfr|pf  splinter.  In  spite  of  topical  treatment,  the 
small1  lilcerated  lesion  which  develops  will  not 
heal;  it  develops  into  a  firqi  subcutaneous  nodule, 
evetfciiaUy  adhering  to  the  skin.  The  color  of  the 
lesioj&banges  from'  pink  to  black  as  the  infection 
niptules  through  the  skin  to  form  the' typical  ne- 
crotfe^iancre.  The  course  of  the  disease  is  charac- 
teri2ep|6y  a  chainlike  lymphatic  involvement,  with 
swe^lf|tof  nodes  and  induratioh-of  the  connecting 
lym{>l|||c$.  The  primary  l&ion  as  well  as  the  ne- 
crotiipMi4es  in  closet  proximity  to  it  have  a  tend- 
ency Mjpcerate  and  excrete  a- purulent  drainage. 

9*^f|teseminated  sporotrichosis  is  uncoquncm, 
probai|^lue  to  an  immune  response  in  those  indi- 
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Figure  22.   Sporbtrichum  Schcnkii  (mycelial  phase). 

viduals  suffering  from  the  chronic  lymphatic  fonn 
of  the  disedse.  In  a  few  cases,  sporotrichosis  may 
be  spread  >  throughout  tlfe  body,  either*  via  the 
-  bloodstream  or  as  a  result  of  suppurating  lymph 
nodes.  Manifestations  of  disseminated  sporotri- 
chosis include  Tthe  development  of  numerous  and 
widespread'  cutaneous  lesions.  Oral^and  nasal  mu- 
cosa invoLVement  is  quite  common.  Lesions  may 
be  found  in  the  Iddneys,  lungs,  bones,  joints,  mus- 
cles, genitourinary  system,  and  other  body  organs. 

9-6.  indirect  examination  of  clinical  material, 
i.e.,  scrapings  from  sfcin  lesions  or  swabs  from 
draining  ulcers,  is  generally  pf  little  or  nd  value.  In 
Gram-stained  smears,  it  is  very  difficult  to  distin- 
guish the  few  organisms  which  may  be  present 
from  other  tissue  elements.  Regardless  of  the  find- 
ing? by  direct  examination,  cultures  should  be  in- 
oegjated  to  Sabouraud's  dextrose  agar  containing 
the  antibiotics  cycloheximide  and  chlorampheni- 
col. In  order  to  minimize  bacterial  contamination 
of  clinical  material  it  is  best  to' use  pus  aseptically 
aspirated  from  an  unruptured  nodule.  The  my- 
celial phase  of  Sporotrichum  schenkii  grows  rap- 
idly at  room  temperature,  Within  3  to  7  days, 
moist  white  colonies  appear;  they  soon  develop  the 
irregularly  wrinkled  or  folded  surfaces  seen  in  de- 
tail  A-2  of  foldout  1.  The  colony  may  remain 
moist  or  membranous,  or  its  margin  may  develop 
a  fine  greyish  velvety  appearance.  Macroscopic 
examination  after  1  to  2  weeks  growth  of  the  fun- 
gus reveals  a  brownish  colony  which  gradually 
turns  black  and  imparts  a  yellowish  pigment  to  the 
medium.  There  is  considerable  .variation  in  colony 
pigmentation  in  different  strains  of  S.  schenkii  or 
even  in  tbp  same  strain.  This  is  due  to  variations  in 


*oxygen  supply  and  the  amount  of  thiamine  in  the 
medium.  v  y 

<  9-7.  Microscopically,,  in  teased  wet  mount  a 
fine  (2  microns  in  diameter),  branching,  septate 
mycelium  with  pyrif  orm,  oval,  or  spherical  conidia. 
on  delicate  sterigmata  is  seen.  The  conidia  occun 
in  two  distinct  patterns  shown  in  figure  22.  One 
possible  pattern  is  the  so-called  "sleevelike"  ar** 
rangement  where  the  spores  are  borne  individually 
on  delicate  sterigmata  along  the  length  of  a  hyphal 
filament  A  second  frequently  occurring  pattern, 
tentied  a  "flowerette"  arrangemtent,  forms  if  each 
spore  is  attached  by  its  own  delicate  sterigma  to  a 
common  conidiophore.  For  best  observation  of 
these  patterns,  the  slide  culture  technique  is  rec- 
ommended. 

9-8.  The  tissue,  or  parasitic,  phase  of  Sporotri-  . 
chum  schtnkii  bears  little  sinSlarity  tQ  the  mycelial 
phase  described  above.  The  organism  seen  in  tis- 
sue, or  when  cultured  under^-percent  C02  at  37.° 
C.  on  enriched  media  such  as  brain-heart-infusion  ^ 
agar,  appears  in  the  form  of  (jreamy'white  colonies 
of  yeastlike  budding  cells,  which  due  to  their  elon- 
gated shape  are  called  "cigar  bodies."  Tlie  "cigar 
bodies"  are  difficult  Jo  find  using  ordinary  stains 
on  human  tissue.  Methenamine  silver  stains  and 
fluorescent  antibody  techniques  seemsjo  delineate 
these  organisms  quite  clearly  from  surrounding  tis- 
sues. The  macroscopic  and  microscopic  appear- 
ance erf  the  yesist  phase  are  shown  in  figure  23  and 
detail  A,  erf  foldout  1. 

9-9.  A  confirmatory  diagnosis  of  sTsthenkii  re- 
quires demonstration  of  the  yeastlike  phase  of  the 
organism.  This  may  be  accomplished  by  culturing* 
the  mycelial  phase  on  brain-h^art-infusion  agar, 
with  or  without  blood,  under  C02  at  37°  C.  The 
surface  of  the  medium  should  be  moist.  It  is  often 


\ 


9 


«5t 


4> 


44 


V 


"Figure  23.   Tissue  phase  of  Sporotrichum  schenkii. 
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possible  to  discern  microscopic  areas  of  conversion 
from  -the  edges  of  the  mycelial  inoculum  before 
grossly  visible  yeastlike  growth  emerges.  If  conver- 
sion does  not  take  place  on  artificial  media,  animal 
inoculation  may  be  accomplished.  Use  several 
mice  inoculated  intratesticulariy  with  0.2  ml.  of  a 
dense  mycelial  suspension.  After  Jhe  first  week, 
and  if  necessary  at  additional  intervals,  pus  may 
be  removed  from  the  testes  and  examined,  by 
Gram  stain  for  the  typical  oval  or  elongated  bud- 
din&cells  of  the  parasitic  or  yeast  form  of  5. 
schenKti.  Serological  tests  for  this  disease  have  not 

•  yet  bee;*  Standardize^!.  Recent  studies  indicate  that 
fftbrescent  antibody  techniques  can  be  success- 
fulfy  adapted  for  use  in  the  serologic  diagnosis  of 
Sporotrichosis  from  clinical-*  specimens  as  well  as 
from  culture. % 

10.  Systemic  Group 

•10-1.  These -pathogenic -diphasic  fungi  cause 
deep-seated  disease^which  involve  one  or  more  of 
the  internal  organs  of  the  body.  In  many  instances 
the  bones  and  subcutaneous  tissues  are  also  in- 
feott&r  and  frequently  as  a  result  of  bloodstream  ' 
dissemination  skin  lesions  may  be  manifested.  Im- 
munologic tests  and  skin  tests  demonstrating  p^st 
or  present  infection  with  some  members  of  this 
group  indicate  that  many  individuals  have  had 
k*  Subclinical  or  asymptomatic  exposure  yrtiich  other- 
wise might  have  gone  undetected.  In  some  asymp- 
tomatic individuals  an  indication  of  systemic  my- 
cotic lesions  im  be  seen  in  X-ray  examination, 
but  confirmation  of  diagnosis  may  not  be  reached 
unless  an  autopsyfs  performed  after  death  and  the 
organism  identified.  Most  often  the  portal  of  entry 
for  the  infective  spores  of  these  organisms  is  the 
respiratory  system  and  early  symptoms  may  be 
nondiscrete.  If  th^  disease  goes  uncliagnosed  and 
improperly  treated,  the  likelihood  of  its  becoming 
progressive  is  enhanced,  and  such  Cases  frequently 

*  prove  fatal. 

10-2.  Coccidioides  Immitis.  This  fungal  agent 
is  ^responsible  for  the  systemic  disease— cocci- 
dioidmycosis.  The  disease  is  geographically  limited 

.  to  specific  areas  of  the  New  World,  and  since  one 
of  these  areas  happens  to  be  the  San  Joaquin  Val- 
ley in  south  central  California,  the  infection  has 
become  known  as  "valley  fever."  C.  immitis  exists 
as  a  saprophyte  in  the  sail,  producing  innumerable 
infective  spores  which  are  readily  borne  by  air 
currents  over  appreciable  distances.  Areas  other 
than  California  which  provide  suitable  climatic 
conditions  for  i&  propagation  include  Arizona, 
New  Mexico,  Texas,  and  the  northern  portion  of 
Mexico.  Males  between  30  and  50  years  of  age 
and  t;he  darker  skinned  races  are  particularly  sus- 

s  ceptible  to  infection.  Experience  has  shown  that 
preventive  measures  to  control  exposure  to  dust, 


such  as  wetting  down  dusty  areas,  planting  lawns, 
and  even  the  wearing  of  protective  masks,  mark- 
edly reduces  the  incidence  rate  in  endemic  regions. 

10-3.  Primary  pulmonary  coccidioidomycosis  is 
contracted  by  inhalation  of  spores;  mtore  than  half 
of  those  so  infected  remain  asymptomatic  and  de- 
velop an  immunity  to  the  disease.  Others  develop 
mild  symptoms  resembling  those  of  the  common 
cold.  Some  individuals  develop  severe  pulmonary 
symptoms.  As>  many  as  30  percent  of  the  severely 
infected  patients  develop  allergic  skin  eruptions  in 
response  to  toxins  produced  by  this  organism.  Ap- 
proximately 999  of  1000  cases  gain  complete  re- 
covery. These  people  continue  to  demonstrate  a 
positive  skin  test,  with  cQecidioidin  for  many  years, 
and  are  seemingly  imparted  ^ith  a  lifetime  im- 
munity tto  the  disease.     v  *  „• 

10-4.  Another  form  of  this  disease,  dissemi- 
nated coccidioidomycosis,  fortunately  occurs  only 
in  rare  instances  and  probably  is  directly  related  to 
some  defect  in  the  patient's  immune  response.  This 
form  of  the  disease  may  progress  in  several  patterns 
with  regard*  to  time  and  extent  of  involvement. 
The  organism  may  be  spread  throughout  the  body 
by  the  bloodstream  early  in  the  respiratory  phase, 
resulting  in  massive"  involvement.  In  other  cases 
individuals  who  are  unaware  that  the  disease  is 
present  suddenly  manifest  a  single  cutaneous  le- 
sion that  may  worsen  or,  on  occasion,  heal  sponta- 
neously. The  body  sites  most  commonly  infected 
following  dissemination  from  the  primary  lung  le- 
sion include  other  areas  of  the  lungs,  subcutaneous 
and  cutaneous  tissues,  bones,  joints,  meninges,  the 
brain,  and  the  viscera.  Cutaneous  dissemination 
typically  results  in  the  formation  of  subcutaneous 
abscesses. 

10-5.  Clinical  materials  such  as  pus,  sputum, 
pleural  fluid,  or  bronchial  washings  should  first  be 
examined  in  direct  ^et,  unstained  mount  for  the 
presence  of  spherules  demonstrated  in  figure  24. 
These  spherules,  when  mature,  have  thick  retrac- 
tile walls  and  contain  numerous  endospores.  If  dis- 
tinction between  fungus  and  granulocytic  cells  is 
difficult,  the  preparation  may  be  sealed  and  al- 
lowed to  stand  for  several  hours,  or  as  long  as 
overnight.  If  the  observed  structures  are  actually 
spherules,  the  undischarged  endospores  will  have 
developed  mycelial  filament^ 

10-6.  Whether  or  not  spherules  are  identified  in 
direct  wet  preparation,  the  clinical  material  should 
be  cultured  at  room  temperature  on  a  selective 
medium  such*  as  Sabouraud's  dextrose  agar  with 
antibiotics.  It  is  bes£  to  use  cotton-plugged  tubes 
since  the  microaerophilic  condition  produced  in  -  \ 
sealed  tubes  is  inhibitory  to  sporulation  in  some 
strains  of  C.  immitis.  After  the  third  to  fifth  day 
the  colonies,  that  appear  will  be  moist,  flat  and 
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Figure  24.   Spherules  of  coccidioides  immitia. 

Tgrey.  GraduaUy,  an  abundant  white,  fluffy,  aerial 
"mycelium  develops  over  the  mature  colony  as  we 
find  in  fofdout  2,  detail  C.  The  pigment  on  the  un- 
derside of  the  colony  in  most  strains  is  a  brown- 
ish-black. This  imparts  a  greyish  appearance  to 
the  growth.  Typically,  some  areas  of  aeriaFmyce- 
lium  become  flattened,  causing  a  glabrous' effect. 

10-7.  The  mature  colony  is  now  examined  mi- 
-croscopic^Uy  in  teased  wet  mount  preparation  for 
the  presence  of  barrel-shaped,  tagged  arthrospores 
seen  in  figure  25.  Char^pterisjically,  these  arthro- 
spores develop  in  alternating  segments  of  the  hypha 
so  that  a  single  small  undifferentiated  cell  sepa- 
rates the  arthrospores  from  each  other.  When  ma- 
ture, these  chains  separate  very  readily,  and  ar- 
throspores carry  with  them  fragments  of  the  small 
dividing  cells,  thus  initiating  the  descriptive  term 
"tagged"  arthrospore.  Investigations  have  demon- 
strated the  presence  of  spherules  in  mycelial 
cultures/  By  using  special  cultural  methods  not  ( 
\  readily  adaptable  to  diagnostic  work,  they  have, 
partially  converted  the  mycelial  phase  to  the  spheN 
ule  or  tissue  phase.  In  such  experimental  cultures, 
you  can  see,  arthrospores  gradually  developing  into 
spherules,  which  on  reaching  maturity  send  out 
germ  tubes  through  "the  spherule  wall  Jp  form  a 
new  mycelium.  Extreme  care  must  be  pxercised  in 
handling  tubes  of  mycelial  growth.  Prior  to  re- 
moval of  the  cotton  plug,  the"  growth  ^houlU,  be 
flooded  with  sterile  normal  saline  by  inserting  a 
large-gauge  syringe  needle  into  the  tube'  alongside 
the  plug.  This  retards  aerosol  formation  by  ar- 
throspores.  The  inability'  of  saprophytes  resem- 
bling C.  immitis  to  gr^w  on^rnedia  containing  cy- 
cloheximide  is  a  characterise  Mrery  ftseful  in 
Screening  suspicious  growth. 
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10-8,  In  order  to  establish  a  confirmatory  dia£- 
^nosis  of  Coccidioidomycosis,  0.1  ml.  of  suspension 
of  mycelial  growth  is  inoculated  intratesticularly 
a  guinea  pig.  Orchitis  will  normally  develop  with 
a  week,  in  which  case  fluid  is  aseptically  witW 
drawn  and  examined  microscopically  in  tfet  prepaj 
rations  for  the  presence  of  spherules.  When  guinea 
pigs  are  not  available,  mice  may  Substituted^ 
However,  the  injection  should  be  made  intraperito- 
neally  usir^g  l.Q  ml.  of  inoculum.  The  lesion  or 
lymphaiic  exudate  is  examined  as  above,  folloWing 
the  death  of  the  mice.  The  finding  of  spherules 
containing  endospores  is  confirmatory, 

10-9. 'Several  immunological  procedures  such 
,  as  the^pre&pitin  test* and  the  Complement-fixa- 
tion tpst  have  proven  very  useful  in  diagnosis  of 
coccidioidomycosis.  The  coccidioidal  skin  test  is 
an  extremely  useful  tool  for  epidemiological  stud-v 
ies,*however,  it  is  of  limited  diagnostic  value  since 
a  positive  reaction  may  indicate  either  a  fully  re- 
covered or  a  presently  active  case.  The  precipitin 
test  usually  becomes  positive  before  there  is  a  de- 
monstrable rise  in  the  complement-fixation  titer. 
The  precipitins  (antibodies)  appear  within  the 
?third  to  fifth  day  after  on^gHind  reach  a  maximum 
level  in  1  or  2  weeks.  The  complement-fixation 
test  xi  only  useful  in  moderate  to  severe  casts  of 
p.  Those  patients  with  primary  coccidioi- 
;  jnaintain  a  moderately  low  titer  for  sev- 


W  •"^fl^the  disease  k- progressive,  the  titet 
^aroM^id  remains  there  until  the  patient's 


er|£S  gradually  falls  as  the  patient 

recOve    wwW  *    '  " 
rises  | 

,  joq^|i|ves.  Improvement  causes  the  titer 
to  gradu^lpjnish. , 

10-10.  Bl^o^yc*  Dermatitidis.  North  Ameri- 
ca* bla^ton^i^,  Gilchrist's  disease,  or  simply 
blastomycosi^^msynonyms  for  a  disease  caused 


"by  the  diphasic  fungus,  Blastomyces  detmatitidis. 
The  disease  is  chroflfc,\  characteristically  causing 
.both  suppurative  and  granulomatous  lesions  that 
normally  originate  in  tlje  respiratory  system.  The 
*  infection  is  particularly  well-named,  since  only  a 
few  confirmed  cases  have  been  diagnosed  outside 
North  America.  The  organism  seems  to  be  even 
further  limited  in  distribution  to  the  northern  p^rt* 
of  the  Mississippi  Valley,  the  Ohio  River  Valley 
-  and  the  Middle  Atlantic  'states.  For  many  years 
there  was  considerable  doubt  as  to  the  portal  of 
entry  of  B.  dermatitidis  into  the  body;  however,  in^ 
recent  years  investigators  have  demonstrated  tKis 
fungus  in  the  soil  and  now  believe  that  the  major- 
ity of  infections  are  acquired  by  inhalation  of 
infective  sporep.  \    '  * 

10-11  .^The  clinical  forms  oXthe  disease  are 
sometimes  separated  into  fou&6ategories:  primary 
cutaneous,  primary  pulmonary,  chronic  cutaneous, 
and  disseminated!  The  latter  thr$fe  will  tfe  dis- 
cussed as  a  single  entity  since  they  are  so  closely 
related.  T*he  primary  cutaneous  infection  is  ex-* 
tremely  rare  and  results  from  accidental  inocula- 
tion of  the  organfcm  through  thp  skin.  A  papule 
appears  at  the  site  of  entry.  Gradually,  a  chain  of 
swollen  lymph  nodes  and  Vessels  develops.  The  or- 
ganism remains  localized  in  the  infected  part, 
much  the  same  as  with  sporotrichosis. 

'  10-12.  Primary  pulmonary  blastomycosis, 
based  on  present  evidence,  is  most  probably  the 
precursor  of  both  the  disseminated  and  chronic  cu- 
taneous forms  of  the  disease.  In  its  early  phases, 
symptoms  usually  are  indistinguishable  from  those 
of  the  commpn  cold.  When  dissemination  occurs, 
J  the  tissues  most  commonly  Involved  are  the  skin,  ' 
the  bones,  especially  the  vertebrae  and  ribs,  and 
the  viscera.  About  one-third  of  the  cases  manifest 
lesions' of  the  central  nervous  system.  What  is  now 
believed  to  be  a  special  type  of  dissemina- 
tion from  pulmonary  origin  to  the  skin  results  in 
the  chronic  cutaneous  form  of  this  disease.  Other 
tissues  of  the  body  remain  uninvolved.  Thfc  most 
commonly  occurring  form  of  the  disease  may  last 
for  years.  It  characteristically  starts  as  an  isolated 
papular  lesion  or  subcutaneous  nodule  whi£h  be- 
comes an  abscess  and  then  ruptures  to  form  an 
ulcer.  New  lesions  may  result  from  the  pulmonary 
focus  or  by  implantation  of  the  organism  to  new 
skin  areas  from  crider  draining  ulcers.  It  has  been 
estimated  that  as  much  as  one-sixth  of  the  body 
'surface  may  become  ulcerated  with  this  form  of 
disseminatecLblastomycosis.  - 

p^Jtoc't  examination  of  clinical  materiafs 
often  proves jpudte  fruitful  in  cases  of  $orth  Amer- 
ican blastomycbsis.  4n  many  instances  the  techni- 
,     cian  is  able  to  demonstrate  the  etiological  agent  in 
,  large  numbers  and  thereby  lay  the  fkmndwork  for 
a  provisional  diagnosis.  Pus  or  scrapings  should  be 


-  ofet^ined  from  the  active  areas  *of  cutaneous  le- 
sions. When  primary  pulmonary  blastomycosis^ 
suspected,  sputum  or  bronchial,  washings  may  oe 
Examined.  When  specimens  such  as  urine,  gastric 
waslfings^spiaal  fluid  or  pleural  exudates  are  col- 
lected "fcf  laboratory  examination  the  physician 
undoubtedly  suspects  tjre  dissemination  of  the  or- 
ganism. These  clinical  materials  should  be  exam- 
ined microscopically  in  unstained  preparations. 
■Staining,  e.g.,  the  Gram-stain,  makes  it  most  diffi- 
cult to  distinguish  these  organisms  from  lympho- 
cytes. Whenever  the  volume  of  specimen  permits, 
the  sediment  obtained  from  cehtrifugation  should 
be  studied.  If  the  specimen  is  dry  or  dense,  as  may 
,  result  with  skin  scrapings,  a  drop  of  water  may  be 
added  prior  to  coverslipping  the  material.  Regard- 
less of  what  form  of  clinical*  material  is  examined, 
the  technician  m*st  look  for  the  characteristic 
budding  cells  produced  by  the  tissue  phase  of  this 
.  fungus.  These  cells  are  shown  in  figure  26^  In  the' 
event  of  negative  findings,  the  coverslip  Inay  be 
sealed  and  the  specimen  incubated  for  Weral 
hours  at  room  temperature.  K  cells  of  B.  dermati- 
tidis are  present,  they  will  typically  put  out  single 
gernTtubes  as  opposed  to  the  multiple  germ  tubes 
put  out  by  the  spherules  pf^C.  immitis. 

10-14.  Cultural  studies  should  be  used  regard- 
less of*  the  findings  on  direct  ^amination.  The 
clinical  material  is  inoculated  to  an  enriched  me- 
dium such  as  brain-heart-infusion  agar  (in  addi- 
tion to  Sabouraud's  dextrose  agar)  since  some 
strains  have  been  shown  to  possess  fastidious  nu- 
tritional requirements.  If  cycloheximide  is  added 
to  the  medium,  incubation  should  be  made \  at 
room  temperature  as  the  yeast  phase  of  B.  derma- 
titidis is  sensitive  to  this  antibiotic  at  37°  C.  The 
mycelial  phase  is  slow-growing  and  may  require 
up  to  2  weeks  to  become  visible.  On  Sabouraud's 
dextrose  agar  at  room  temperature  growth  may  at 
first  appear  moist  or  membranous;  however,  an 
atrial  mycelium  forms  rapidly,  creating  a  downy 
to  fluffy  colony  which  at  first  is  white,  later  be- 
comiqg  deep  cream  to  tan.  See  detail  D-l,  foldout 
2,  for  the  appearance  of  the  colonies.  Microscopic 
study  ,  of  this  mycelial  growthjn  teased  wet  mount 
reveals  a  septate  'ibycelium  and  nondiscrete  coiji- 
dia,  round'to  pyrifonri  in  shape,  ranging  from  3q to 
5  microns  in  size.  These  conidia  ar$  borne  eithef 
sessile  (affixed  directly  to  the  hypha),  or  on  rtie 
tips  of  short  lateral  hyphal  branches.  The  parasitic 
or  tissue  phase  of  B.  dermatitidis  can  be  readily 
obtained  "in- vitro"  by  inoculating  clinical  material 
to  both  Skbouraud*s  dextrose  agar  and  brain- 
heart-infusion  'agar  and  incubating  at  37°  C.^ 
Growth  is  slow  and  the  colonies  are  typically 
afeam  to  tan  in  color  and  moist  to  waxlike  in  ap- 
pearand. They  are  pictured  in  detail  D-2  of  fold- 
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Figujjsjtf.  '  Blastomyces  dennatitid 

out  2.  The  topography  is  normally  rodfeh;  how- 
ever,  some  strains  have  been  reported  toTproduce 
smooth,  convex  colonies.  The  microscopid  picture 
is  quite  similar  to  that\een  in  direct  examination 
of  clinical  material  from\  patient,  or  from\inocu- 
lated  animals.  Large  ovaf\to  round  cells  isually* 
about  8  to  10  microns  imduimeter*  sometimes 
reaching  as  much  as  20  mWros,  will  be  \een; 
These  cells  are  typically  single  budding  and  have 
a  thick,  refractile  wall  which  is  easily  distingqiiha- 
ble  from  the  granular  cytoplasm  that  it  incloses. 
The  attachment  of  motffer  to  daughter  cell  is  chl 
acteristically  by  means  of  a  wide  base.  It  createsL 
configuration  which  is  frequently  spoken*  of  as-L 
"figure  eigfit."  A  few  strains  of  B.  dermadMk 
have  demonstrated  the  capability  for  multiple'bud^ 
ding,  but  even  in  such  instates  the  angle  budding 
form  predominates.         -  *  " 

10-15.  In  order  to  establish  a  confirmatory,  di- 
agnosis of  B.  dermatitidis,  it  is  essential  to  obtain 
the  yeast  or  tissu^phase  of  this  organism.  This  can 
be  readily  accomplished  by  cultural  methods,  and 
thus  the  use  of  animals  is  unnecessary.  Fresh  tubes 
of  brain-heart-infusion  agar  should  be  inoculated 
with  mycelial  growth  suggestive  of  this  fungus  and 
incubated  at  37°  C.  After  a  few  days,  conversion; 
usually  begins  at  the  margins  of  the  inoculum,  ; 
-Whfen  this  colony  material  is  microscopically  e^ 
<grune4  the  typical,  wide-based,  thick-walled?  siri* 
gle-budding  cells  of  the  yeast  phase  can  be  seeni 
Additional  confirmation  is  relatively  simple  since 
this  yeastlike  colony  readily  converts  to  the  my- 
celial phase  when  the  culture  tubes  are  incubated 
at  room  temperature.  Skin  testing  with  a  mycelial 
filtrate  called  blastomycin  has  been  reliable  for  in- 
dication of  past  and  present  infections.  The  re- 
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♦  agent  is  not  as  consistent  in  results  as  that  used  for 
histoplasmosis  or  coccidioidomycosis.  Tfils  dispar- 
ity may  be  due  to  a  lower  level  of  superficial  sensi- 
tivity in  the  tested  individuals  ^No  variation  hi  the 

'  components  pf  the  blastomycin.  As  in  the  case  of 
the  advanced  disseminated  stage  of  -  coccidioido- 
mycosis and  histoplasmosis,  all  skin  sensitivity- 
may  disappear.  The  compjement-fixation  test  for 
B.  dermatitidis  is  useful  despite  difficulty  in  stand- 
ardizing reagents.  The  titer  generally  rises  as  the 
\  disease  progresses  and  disappears  with  recovery.  X 
high  Complement-fixation  titer  and  a  negative  skin 
test  usually  indicates  the  terminal  phase  of  the  dis- 
ease. •  *  ^ 

1<S-16.  Paracoccidioides  Brasiliensis,  Paracoc- 
cidioidomycosis, often  referred  to  as  South  Ameri- 
can *  blastomycosis,  is  a  chronic  granulomatous 
mycotic  disease  of  the  skin,  lungs  and  other  inter- 
nal organs  with  a  special  predilection  for  the  mu- 
cous membranes.  Although  geographically  limited 
to  .  northern  South  American  countries,  especially 
Brazil,  Mexico  and  Centra*  America,  the  disease  - 
1  should  ixpt  be  ignored  by  workers  in  other  global 
areas.  The  infection  may  remain  subclinical  for 
many  months  in  travellers  from  endemic  countries 
P.  brasiliensis  has  been  isolated  from  the  soil,  and 
it  is  believed  to  exist  irf  nature  as  either  a  sapro- 
phyte in  the  soiTor  as  a  plant  parasite.  The  dis- 
ease, therefore,  is  sometimes  acquired  by  farm 
workers  who  use  vegetation  to  pick  their  teeth  or 
for  chewing  purposes.  There  is  also  recent  evi- 
dence that  the  lungs  serve  as  the  primary  area  of 
infection  as  a  result  pf  inhaling  airborne  spores. . 
The  clinical  characteristics  of  paracoeddioidomy- 
cosis  will  be  discussed  in  two  categories:  the  sfcin 
and  mucocutaneous  form,  and  the  dissfeminated 
form. 

10-17.  Typically,  tye  primary  cutaneous  lesion 
produced  by  this  diphasic  fungus  appears  within  the 
\  mouth  or  nose,  or^at  a  point  within  close  proximity 
tto  these  structures.  The  erythetfiat<#is  mucocuta- 
neous ulcerations  \yhich  develop  spread  slowly  ttf 
taany  regions"  of  ^  mouth  and  have  an  apparent  * 
affinity  for  the  t^sillar  region.  Frequently,  there 
■  "it"  extension  6t  mucosal  lesions  to  the  skin,  or 
a^rnative-skin tlesions  may  result  from  auto-inoc- 
ulatiotK  Otherfcutaneous  lesions  may  result  from 
subcutaneous  Jteposit  of  the  fungus  as  a  result  of 
lymphatic  or  bldqdstream  spread.  Involvement  of 
any  body  surface  i>ppssible,  and  early  diagnosis  is 
important  because  the  lesions  simulate  those 
caused  by  cutaneous  Idshmahiasis,  yaws,  and  tub- 
erculosis. X 

10-18.  Recent  evidence  indicates  that  a  high 
percentage  of  disseminated  cases  of  P.  brasiliensis  . 
occur  with  the  lungs  providing  the  primary  Joci  of 
infection.  The  symptoms  closely  resemble  those  of 
tuberculosis,  and  in  numerous  cases  both  diseases' 


have  been  diagnosed  in  the  same  patient.  On  some 
occasions  the  lower  gastrointestinal  tract  appears 
to  be  the  primary  site  of  inoculation.  In  such  cases 
there  is  frequently  dissemination  to  the  spleen, 
liver,  appendix,  and  anorectal  region.  Regardless 
,  of  the  primary  site  of  infection,  the  lymphatics 
which  drain  the  site  and  eventually  the  entire  lym- 
phatic system  bespmes  involved.  In  the  early 
phases  of  the  common  oral  form  of  the  disease  the 
cervical  nodes  of  the  neck  usually  become  pain- 
fully swollen  and  penetrate  the  skin  surface  with 
sinus  tracts  which  drain  a  purulent  fluid,  rich  in  ( 
~fungal  structures.  Central  ne'rvoiis  system  lesions 
and  bone  involvement  fnay  occur,  particularly  in 
those  patients  where  the  organism  is  disseminated 
via  the  bloodstream.  -  > 

10-19.  Direct  microscopic  examination  for  the 
tissue  or  yeast  phase  of  P.  brasiliensis  should  be 
accomplished.  Clinical  materials  such  as  pus  or 
scrapplngs  from1  lesions,  sputum,  and  other  body 
.  fluids,  or  aspirated  material  from  infected  lymph 
nodes  may  "be  used  for  this  examination.'  Whether 
or  not  the  characteristic  budding  cells  are  observed 
in  uQStained  wet  preparations,  the  material  must 
be  cultured  by  methods  and  materials  reccjm- 
mended  for  the  isolation  of  B.  dermatitidis.  (See 
paragraph  10-14.)  v  * 

10-20.  On  Sabouraud's  dextrose  agar  at  room 
temperature  the  mycelial  phase  of.  P.  ^brasiliensis 
develops  very  slowly.  The  small,  heaped  colony 
w]^h  forms  after  2  or  3  -weeks  seldom  exceeds  a 
diameter  of  20  millimeters,  even  after  several 
months  of  incubation.  The  majority  of  strains  form 
a  short,  white,  velvety  aerial  mycelium  covering 
the  colony  surface.  This  morphology  is  shown  in 
foldout  2,  detail  E-l.  Others\develop  white -to 
cream-colored  glabrojis  colonies\which  typically 
are  folded  irregularly.  The  usual  microscopic  find- 
ings in  teased  wet  mount  consist  Of\pnly  the  sep- 
tate mycelium  and  chlamydos pores.  Sem&investi 
gators  describe  the  presence  of  microconidia  borne 
laterally,  either  directly  on  the  hyphae,  or  on  shaft 
<5(erigmata.  These  conidfa  are  typically  piriform  in 
shape,  ranging  from  2  to  3  microns  hl  length. 
,  When  clinical  materials  are  cultured  on\  brain- 
heart-infusion  agar  at  37°  C,  the  growth  WhichJ 
slowly  develops  is  yeastlike  in  appearance,  v 
from  cream  to  tan  in  color.  The  yeastlike  colony  is 
illustrated  in  E-2  of  foldout  2,  macrosc0picaHy> 
some  strains  present  a  verrucose  and  waxy  surface 
while  others  may  be  smooth  and  shiny.  In  contrast 
to  the  mycelial*  phase,  microscopic  examination  of 
a  teased  wet  mount  reveals*  structures  which  are 
quite  distinctive.  Whether  the  fungus  is  studied  di- 
rectly in  clinical  material  or  from  culture  at  37° 
C,  the  microscopic  morphological  picture  shown 
in  figure  27  is  that  of  relatively  larg/  round  cells, 
ranging  between  10  and  60  microqs  in  diameter, 
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and  possessing  well-defined,  refractile  cell  walls. 
These  yeast  or  tissue-phase  cells  of  P.  brasiliensis 
reproduce  typically  by  multiple  budding;  however, 
the  single  budding  displayed  by  other  pathogenic 
organisms  is  not  infrequent.  The  daughter  cells  ap- 
pear to  be  "pinched-off"  as  they  mature;  and  they 
may  develop  in  two  distinct  morphological  pat- 
terns. In  the  first  pattern  the  buds  are  quite  small 
and  vary  only  slightly  in  size;  this  creates  an. effect 
-spoken  of  as^the  "steering  wheel"  form.  A  second 
pattern  results  when  the  buds  vary  appreciably  in 
size,  i.e.,  as  much  as'  10  microns  in  length.  Since 
budding  occurs  on  all  surfaces  of  the  mother'cell, 
and  since  the  connecting  points  of  only  a  few  buds 
can  be  seen  in  any  one  {Mane  qjkrpscopically,  a 
rather  bizarrt  effect  is  created.  The  mother  cell 
seems  to  be  surrounded  by  unconnected  cells;  in 
actuality  this  is  not  the  case.  A  challning  effect  re- 
sults frequently  when  daughter  cells  continue  -to 
bud  without  becoming  detached. 

10-21.  In  order  to  confirm  cultural  identifica- 
tion it  is  essential  to  convert  the  yeastlike  growth 
to'the  mycelial  form,  or  the  mycelial  type  growth 
to  the  tissue  form,  depending  on  which  is  re- 
covered from  initial  inoculation.  If  transformation 
from  tissue  to  mycelial  form  is  to  be  attempted, 
the  yeastlike  growth  should  be  subculture*}  on 
fresh  tubes  of  Sabouraud's  dextrose  agar  and  incu- 
bated at  room  temperature.  Should  the  reverse  sit- 
uation exist,*  mycelial  growth  is  subcultured  on 
fresh  brain-heart-lnfusion  agar  and  incubated  at 
37°  C.  A  moist  agar  surface  is  highly  desirable. 
Further  confutation  is  gained  by  reversinglncu- 
bation  temperatures  following  the  development  of 
adequate  growth,  and  thereby  inducing  conver- 
sion. 

10-22.  Other  diagnostic  techniques  used  in  sus- 
pected cases  of  paracoccidioidomycosis  include 
animal  inoculation,  skin  testing  and  the  comple- 
ment-fixation test.  Ordinarily,  animal  inoculation 
lis  unnecessary  for  either  isolation  or  identification 
(of  this  fungus;  however,  the  intratesticular  injec- 
tion of  'guinea  pig?  can  be  useful  in  establishing  the 
pathogenicity  of  a  particular  strain.  Intradermal 
skin  testing,  using  a  filtratd  from  broth  cultures, 
called  paracocctdioidin,  has  met  with  some  suc- 
cess. Although  considerable  cross-reactivity  with 
histoplasmin  and  blastomycin  occurs,  those' indi- 
viduals with  paracoccidioidomycosis  show  a 
g  -ater  response  to  paracoccidioidal.  The  comple- 
ment-fixation test  has  proven. itself  useful  for  diag- 
nosis and  prognosis.  Typically,  the  rise  in  titer  par- 
allels the  progress  of  the  disease,  and  the  titer 
diminishes  with  remission  or  recovery. 

10-23.  Histoplasma  Capsulatnm.  This  systemic 
diphasic  fungus  is  responsible  for  the  disease  histo- 
plasmosis,  an   intracellular   mycosis  which  is 
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Figure  27.    Paracoccidioides  brasiliensis. 

normally  respiratory  in  origin.  The  organism  dem- 
onstrates a  distinct  preference  for  the  reticuloen- 
dothelial system.  The  disease  at  one  time  was  'con- 
sidered rare  and  invariably  fatal;  it  is  now  known 
tcroe  quite  cpmn|Oii  in  its  benign  form,  especially 
in  those  regions  >Vhere  it  is  endemic.  Although  the 
infection  occurs  primarily  in  North  America — 
more  specifically  in  the  north  central  part  of  the 
United*  States -and  along  the  eastern  seaboard — 
significant  outbreaks  have  been  reported 'in  Cen- 
tral and  South  America,  Australia,  South  Africa 
and  Europe.  H.  capsulatum  exists  as  a  saprophyte 
in  the  soil,  often  in  association  with  the  excreta  of 
poultry,  bats,  a^d  birds,  such  as  pigeons,  grackles, 
and  starlings,  Discovery  of  the  avian  source  has 
shed  much  light  on  situations  involving  sudden  lo- 
calized outbreaks  of  histoplasmosis.  Infection  typi- 
cally results  following  the  inhalation  of  minute  air- 
borne spores.  Millions  of  people  in  the  United 
States  presently  have  or  at  one  time  were  infected 
with  either  tfenign  or  acute  respiratory  histoplas- 
mosis. The  pulmonary  disease  closely  mimics  nu- 
merous other  respiratory  infections  by  eliciting  an 
extremely  wide  range  of  signs  and  symptoms. 
-  10-24.  An  unfortunate  rare  case  progresses  to 
severe  disseminated  or  secondary  histoplasmosis. 
As  previously  stated,  H.  capsulatum  displays  a 
marked  affinity  for  the  cells  of  the  reticuloen- 
dothelial system.  Fungal  elements,  upon  reachirig 
the  bloodstream  or  lymphatics,  are  rapidly  phago- 
cytized  by  monocytes  or  macrophage  cells.  The  orr 
ganisms  propagate  and  subsequently  reach  organs 
rich  in  reticuloendothelial  tissue  such  as  the  liver, 
spleen,  lymph  nodes,  and  bone  marrow. 

10-2%  In  contrast  to  the  direct  examination  of 
clinical  materials  in  unstained  wet  mounts  used 


when  North  American  blastomycosis  or  paracocci- 
dioidomycosis are  suspected,  H.  capsulatum  is  best 
detected  using  Wright  or  Gfcmsa-stained  smears  of 
fresh  material.  Specimens  (such  as  smears  from 
lymph  node  biopsy,  cutaneous  or  mucocutaneous 
lesions,  and  bone*  marrow  aspiration  are  best 
suited  to  this^echnique/ Sputum,  gastric  washipgs, 
and  other  body  fluids  should  be  centrifuged  and 
the  sediment  smeared  and  stained.  These  speci- 
mens should  be  collected  in  sterile  containers;  if 
they  cannot  be  processed  immediately  (or  require 
shipment),  the  addition  of  an  antibiotic  such  as 
chloramphenicol  not  in  excess  of  0.2  mg./ml.  is 
recommended.  Any  clinical  material  received  by 
the  laboratory  for  H.  capsulatum  culturing  must 
be  refrigerated  if  processing  is  delayed  in  order  to 
retain  the  viability  of  the  organism. 

10-26.  The  stained  organisni  in  tissue  form  is  a 
small,  round,  yeastlike  cell,  indistinguishable  from 
many  other  similar  structures  which  may  be  found 
m  direct  examination  of  clinical  material.  These 
yeastlike  cells  are  readily  phagocytised  by 
mononuclear  and  occasionally  polymorphonuclear 
cells,  and  thus  when  the  typical  intracellular  form 
is  seen  it  is  of  considerable  diagnostic  help.  The. 
organism  within  the  phagocytic  cell  ranges  fronr  1 
'  to  4  microns  in  diameter.  It  is"  surrounded  by  "a 
light  blue  ring  representing  its  cell  wall.  The  un- 
derlying cytoplasm  stains  a  darker  blue  and  con- 
tains chromatin  material  which  stains  a  tnore  in* 
tense  ciolet  color.  Generally,  this  chromatin 
substance  appears  half-moon  to  crescent  in  shape. 

10-27.  Whether  or  not  a  morphological  picture 
indicative  of  H.  capsulatum  is  observed  on  the 
Wright  or  Giemsa-stained  slide  preparations,  it  is 


Figure  28.    Macroconidia  of  Histoplasma  capsulatum 


essential  to  attempt  cultural  recovery  of  the  organ- 
ism. The  clinical  material  should  be  inoculated  to 
several  tubes  of  each  of  the  various  me4ia  used,  to 
increase  the  likelihood  of  recovery.  Tubes  of 
brain-heart-infusion  agar  with  antibiotics  afcd  Sa- 
bouraud's dextrose  agar  should  be  fncubated  at 
room  temperature.  Other  tubes  containing  brain- 
heart-infusion  blood  agar  (6  percent  blood  added 
to  warm  media  prior  to  pouring)  ar$  incubated  at 
37°  C.  When  attempting  cultural  recovery  of  H. 
capsulatum  using  screw-cappJd  tubes,  remember 
to  loosen  the  cap  ocasionally  as  this  fungus  is  a 
strict  aerobe.*  Another  point  worthy  of  re-emphasis 

^  is  the  fact  that  the  yeast  or*  tissue  phase  will  not 

grow  in  the^resence  of  antibiotics  at  37°  C.  It  is 
not  advisable  to  use  blood  in  media  incubated  at 
room  temperature,  because  blood  serves  to  inhibit 
the  characteristic  sporulation  of  the  mycelial 

»  .  phase. 

«  40-28."  A  distinct  colony  on  Sabouraud's  dex- 

trose or  brain-heart-infusion  agar  may  not  becpme 
discernable  for  at  least  10  to  14  days  at  room  tem- 
perature. H.  capsulatum  forms  a  white,  fluffy  col- 
ony with  the  typically  fine  and  silky  aerial  myce- 
lium seen  in  foldout  2,  detail  F-l.  Gradually,  after 
several  weeks  the  entire  slant  surface  becomes  over- 
grown. It  usually  develops  a  buff  to  dark-tan 
color  which  usually  coincides  with  sporulation. 
Microscopic  examination  of  teased  wet  mount  re- 
veals a  septate  mycelium  with  both  microconidial 
and  macroconidial  sporulation.  The  mictoconidia, 
or  small  spores,  usually  develop  first  and  are 
borne  sessile  qr  on  short  stalks  on  the  hypha.  They 
are  round  to  pyriform  in  shape,  varying  between  2 
afcd  6  microns  in  diameter.  Although  usually 
smooth,  a  few  echinulMed .  spores  may  be  seen. 
Some  microconidia*may  be  bicellular,  thus  being 
able  to  produce  secondary  spores  by  budding.  The 
characteristic  m&cronconidia  which  develop  are 
large  (7  to  25  microns.in  diameter); round  to  pyr- 
iform in  shape,  have  a  thick  wall,  and  usually  have 
a  tuberculated  surface.  These  tubercules  are  finger- 
like  or  spiny  projections,  which  vary  considerably 
in  length  on  the  same  spore,  ranging  between  1 
and  8  microns  in  length.  Representative  morpho- 
logical features  are  sqown  in  figure  28.  Some 
-  strains  of  H.  capsulatum  do  not  produce  tubercu- 
late  macroncdffidia,  while  the  saprophytic  species 
of  the  Genus  Sepedonium  produce  macronconidia 
v       which  are  identical  to  those  produced  by  some 
strains  of  H.  capsulatum.  Differentiation  can  be 
based  on  H!  capsulatum* s  ability  to  convert  to  the 
yeast  form  at  37°  C. 

10-9.  In  order  to  confirm  the  cultural  diagno- 
1  sis,  it  is  necessary  to  convert  the  mycelial  growth 

phase  of  the  fungus  to  the  tissue  form.  This  can 
normally  be  satisfactorily  accomplished  by  inocu- 
lating some  of  the  mycelial  growth  to  tubes  rf)f 


br&in-heart-infusion  agar  with  a  moist  surface  and 
incubating  them- at  37°  C.  If  the  agar  surface  ap- 
pears dry,  it  may  be  moistened  with  sterile  nutrient 
broth  before  use.  Several  subcultures  may  be  nec- 
essary to  effect  a  complete  conversion.  Most 
strains  of  H.  capsulatum  are  convertible  using  this 
method.  After  2  or  3  days'  incubation,  small, 
white  to  cream  colored,  round,  convex  colonies 
normally  appear  along  the- margin  of  the  mycelial 
inoculum.  These  enlarge  anjl  eventually  coalesce 
to  form  a  moist,  raised,  soft  growth  (shown  in  FO 
2,  detail  F-2),  the  surface  of  which  varies  from 
rough  to  granular.  On  occasion  if  may  be  highly 
mucoid.  Microscopically,  the  yeast-phase  cells  are 
oval  bodies  (1.5  by  3.5  ftiicrons)  which  frequently 
display  single  and  multiple  budding  and  are  indis- 
tinguishable from  the  fungus  cells  found  in  clinical 
material  containing  the  tissue  form  of  this  patho- 
gen. 

10-30.  Animal  moculation  may  be  required  to 
accomplish  conversion  of  those  strains  of  H.  cap- 
sulatum which  will  not  convert  using  the  cultural 
technique.  In  such  casesla  0.5-ml.  suspension  of 
spores  or  ground  mycelium  is  inoculated  intraperi- 
toneally  into  white  mice.  Preparation  of  inoculum 
involves  grinding  a  4-  to  6-week-old  mycelial  cul- 
ture in  sterile  saline  in  a  tissue  grinder  and  adjusting 
the  suspension  to  a  density  of  a  No.  IV  McFarland 
nephelometer.  The  mice  are  autopsied  at  intervals 
of  16  to  42  days  after  injection,  and  impression 
smears  of  both  liver  and  spleen  are  examined  for 
yeastlike  cells.  Regardless  of  the  findings  at  au- 
topsy, these  tissues  should  then  be  cultured  on  ap- 
,propriate  media  at  37°  C.  n  a  further  attempt  to 
obtain  yeast-phase  growth.  Some  mice  which  sur- 
vive for,  several  months  Hja] r  demonstrate  a  greatly 
enlarged  spleen.  The  liver  and  spleen  may  be 
heavily  infected  with  yeast  cells.' 

10-31.  Immunological  tests  have  proven  to  be 
valuable,  tools  in  the  diagnosis  and  prognosis  of 
individuals  with  histoplasmosis.  The  histoplasmin 
skin  test,  as  with  other  skin  tests  used  for  the  diag- 
nosis of  systemic  fungal  diseases,  is  very  useful  in 
epidemiological  studies.  Its  value  in  diagnosis  is 
limited,  however,  because  a  positive  response 
^usually  can  indicate  either  a  past  or  present  infec- 
tion. Skin  sensitivity  usually  develops  4  to  8  weeks 
following  infection  but- may  decrease  during  the 
acute  phase  and  disappear  in  terminal  stages  of  the 
illness. 

1 0-32.  The  complement-fixation  and  precipitin 
test  are  two  serological  techniques  normally  used 
for  diagnosis  and  for  following  the  course  of  histo- 
plasmosis.^ The  use  of  both  histoplasmin  and 
yeast-phase  antigen  is  recommended  when  com- 
plement-fixation testing  is  performed.  Titers 
should  be  determined  as  soon  as  the  disease  is  sus- 
pected and  again  after  at  least  a  6-week  period.  If 
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a  high  titer  results  on  the  first  sample  and  the  fol- 
lowup  titer  is  approximately  as  high  or  higher,  the 
test  is  usually  considered  diagnostic.  The  precipitin 
test  usually  uses  the  antigen,  Jiistoplasmin,  and  is 
especially  useful  in  early  diagnosis  oft$he  acute 
pulmonary  form  of  the  disease.  There  is  aleed  for 


careful  standardization  of  test  reagents,  and  best 
results  usually  require  testing  by  experienced 
workers.  Because  of  the  variables  encountered  in 
serological  tests,  cultural  diagnosis  remains  the 
best  means  of  identifying  disease  due  to  H.  capsu- 
lation. , 


494 


52 


CHAPTER  4 


-I 


The  Saprophytic  Fungi 


\ 


LOGICALLY,  THE  READER  might  ask 
'  "Since  this  volume  is  concerned  wKh  medical 
mycology,  why  must  I  be  able  to  identify  the  sap- 
rophytic fungi  which  are  present  in  cultures  nor- 
mally as  a  result  of  airborne  contamination,  or  as 
contaminants  of  clinical  material?"  The  ansWer  is 
quite  simple  and  just  as  logical.  It  is  most  impor- 
tant that  the  medical  mycologist  be  able  to  distin- 
guish saprophytic  fungi  from  the  pathogenic  forms 
to  prevent  their  being  erroneously  considered  as 
the  etiological  agents  of  mycotic  infection.  It  is  not 
unusual  for  a  particular  saprophytic  species  to  be 
isolated  reoeatedly  from  the  same  patient,  and 
thus  the  inexperienced  worker  might  presume  if  to 
be  the  causative  disease  agept. 

2.  The  first  section  of  this  chapter  will  consider 
the  most  common* laboratory  contaminants  with, 
regard  to  their  colonial  morphology  and  micro- 
scopic structure.  The  majority  of  the  saphrophytes 
which  will  be  discussed  arc  referred  to  solely  by 
genus  name  since  their  various  species  are  struc- 
turally so  similar  th&t  speciation'is  possible  only  by 
experts  in  this  particular  area  of  mycology.  The 
second  section  of  thisfehapter  will  take  up  certain 
of  the  saprophytes  thaoLare  encountered  less  com- 
monly, although  they\an  be  important  from  the 
clinical  standpoint. 

11.  Saprophytes  Commonly  Encountered 
in  Modical  Mycology 

11-1.  The  saprophytes  will  be  discussed  in 
groups,  each  group  having  a  particular  micro- 
scopic structure  useful  in  identification.  Also,  in 
each  case  the  gross  (macroscopic  morphology)  on 
Sabouraud's  dextrose  agar  will  be  described.  The 
various  microscopic  structures  used  to  categorize 
these  organisms  include  characteristic  conidia, 
conidiophore?  sporangiophores  and,  finally,  the 
thallus  (body). 

11-2.  Saprophytes  with  Characteristic  Conidia. 
The  common  contaminants  in  order  *of  presenta- 
tion will  include  species  belonging^to  the  Genera 
Alternaria,  Cephalosporiwn,  Curvularia,  Fusar- 
ium,  Helminthosporium,  Nigrospora^  ScopulariS^r- 


sis,  and  Scpedonium.  The  macroscopic  morpho- 
logical characteristics  of  these  fungi  are  elaborated 
in  table  25  and  illustrated  in  foldout  2,  detail  G. 
Their  microscopic  morphological  features  are  pre- 
sented in  table  26  and  depicted  in  figures  29 
through  36*  by  drawings  made  from  slide  cultures 
on  potato  dextrose  agar. 

1 1-3.  Alternaria  spp.  is  a  rapid  growing  sapro- 
phyte which  develops  it£*  mycelium  close  to  the 
agar  surface.  It^is  grayish  at  first,  later  becoming 
black  with  a  gray  periphery;  the  underside  or  re- 
verse pigment  is  black.  The  early  aerial  mycelium 
is  sparce,  but  graduallj\areas  of  white,  loose,  cot- 
tony aerial  "mycelium^develop.  They  become  du? 
white  to  grayish  in  color  and  eventually  may  cover 
the  black  sporulating  mycelium. 

1 1-4.  The  macroconidfa  are  typically  uniform,  , 
having  both  transverse  and  longitudinal  septations. 
The  cells  occur  in  chains*from  the  ends  of  conid- 
iophores  and  are  dark  brown  in  colo*.  Each  conid- 
ium  is  formed  by  the  one  immediately  preceding 
it  in  the  chain  and  demonstrates  a  dark  spot  at  its 
point  of  attachment.  Any  cell  comprising  the  conid- 
ium  has  the  capability  of  elaborating  a  germ 
tube*  and,  thus,  perpetuating  the  species.  Fre- 
quently branching  chains  occur,  since  spore  pro- 
duction is  accomplished  by  successive  budding  of 
the  most  distal  conidium  in  the  chain. 

11-5.  Cephalosporiwn  spp.  is  rapid-growing. 
At  first  it  is  deep  rose  in  color,  later  becoming  over- 
grown with  a  loose,  white  aerial  mycelium.  The 
flat  colony  which  develops  is  glabrous  to  downy 
and  wrinkled,  and  it  displays  a  surface  pigment 
which  may  vary  from  white  to  gray  or  pink.  A  re- 
verse pigment  is  absent. 

11-6.  Microscopic  examination  reveals  slender, 
unbranched  conidiophores,  which  bear  a  spherical 
cluster  of  conidia  at  their  tips.  These  conidia  are 
usually  single-celled  but  pccasionally  septations 
will  result  in  conidia  which  display  two  or  more 
cells.  Production  of  conidia  takes  place  at  the  apex 
of  the  conidrophore;  clustering  results  as  the 
conidia  adhere  to  each  other. 
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.  Tablb  25 

Macroscopic  Mowholooy  or  Common  Samomotic  Funqi 

,  .  CONIDtt 


HAVING  CHAKACTBRISnC 


Organiem 


Alternaria  sp. 


Cephaloeporium  sp. 


Pueartum  sp. 


X^elminthoeporium  sp. 


Nigroepora  sp. 


Soopulariopeit  sp. 


Sepedonium  sp. 


flat* 


Rapid 


Rapid 


Rapid 


Rapid 


Rapid 


Rapid 


Surface 
Topog- 
raphy 


Flat 


Flat 


Flat 


Flat 


Flat 


Flat 


Surfaoe  Texture 


Velvety  to  downy 


Glabrous  to  downy, 
wrinkled 


Velvety  to  tight 
cotton 


Surface  Pigment 


Green  to  brown  to 
irridescent  black 


White,  gray,  or 
pink 


Dark  brown  to 
black 


Cottony 


Cottony  to  woolly 


Powdery  to 
granular 


Cottony* 


White,  pink,  or 
pale-,  blue 


Young:  Gray; 
Mature:  Tan, 
gray-brown  or 
gray-black 


White  to  gray 


White,,  tan,  or 
brown 


White 


Significant  Baok  or 
Revere*  Pigment 


Black 


Absent 


Absent 


Absent 


Absent 


Black 


Absent 


Absent 
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Table  26 

Microscopic  Morphology  of  Common  Saprophytic  Fungi  having 
**  Characteristic  Conidia 


1                                                                       ■              *  r-t  , 

 1  ^ 

Hypha 

Conidiophore 

Spore 

'  '-->  +  U. 

^Iternarta  sp . 

Septate ,  .*« 
*  dematiaceous  ^ 

1   '  J 

Simple,  unbranched 

'     donidlura:     septate  in  two  directions  (muriform) , 
dematiaceous,  occur  in  chains  with  Tfifpad  base 
of  first  conidium  attached  directly  to 
conidiophore.  m 

*^       ^Cephalogporium  sp,. 

\ 

Septate 

Simple,  branched  or 
unbranched 

Conidium;    usually  single  celled  (some  show 
2-3  cells)  arranged  in  a  clump  or  head 
of  spores  at  end  of  each  conidiophore. 

Curvularia  sp. 

Septate, 
dematiaceous 

Simple,  unbranched 

Conidium:     large,  thick-walled,  multi-septate* 
dematiaceous,  curved  more  on  one  side  than 
the  other  side.  ' 

m 

Fu*artum  sp. 

Septate* 

> 

Simple,  branched  or  t 
unbranched,  short  or 
long  / 

Conidium:    multi-septate,  banana  or  sickle 
shapted,  in  banana- like  clusters  on  end  of 
conidiophore;  microconidium;  oval  or  spherical, 
unicellular*,  or  short,  simple  conidiophore. 

Balminthooporium  sp. 

Septate, 
dematiaceous 

Sdmple,  branched  or, 
'  tfnbranched,  short, 
loRft,  usually  knotted 

Conidium:    multi-septate*  thick-walled 
elliptical,  and  dematiaceous.  ^ 

 :  :  ^  : 

A         Sigroepora  sp. 

7  

Septate 

SimpleJ  unbranched , 
short  jwith  inflated  '.  * 
end  or  vesicle 

Conidium:    black  spherical,  borne  on  end  of 
vesicle. 

\               Soopulariopet*  sp* 

Septate 

Simple,  branched  or 
unbranched 

Conidium:     lemon-shaped,  echinulated,  truncate 
base,  occur  in  chains  with  truncate  base  of 
first  conidium  attached  directly  to  conidiophore. 

i 

-■  1   - 

Sepedoniwn  sp.  ^ 

Septate 

Simple,  unbranched, 
short  or  long 

Conidium:     spherical,  thtek-walled ,  with  pro- 
.  jecting  spines  or  tubercles. 

f  * 
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Figure  29.   Alternaria.  >► 

Gurvularia  spp.  produces  a  rapid-grow- 
ing, flat,  cottony-type  colony  which  is  dark  brown 
to  black  in  color.  Reverse  pigment  is  absent  Mi- 
croscopically this  fungus  displays  septate,  dematia- 
•  ceous  (darkly  pigmented)  hyphae  and  simple,  un- 
brapched  conidiophores.  The  conidia^are  large, 
thick-walled,  multiceHular,Wl  also  dematiaceous! 
Typically,  one  side  of  the  cfonidium  shows  greater 
curvature  than  the~other;  /  thus,  the  genus  name 
Gurvularia  seems  most  appropriate. 

1J-8.  Fusarium  spp.  is  a  rapid-growing  sapro- 
phyte which  at  first  is.white  and  cottony,  but  soon 
develops  a  deep  rose  color  in  the  center.  The  pig- 
_meauhades  to  a  light  pink  at  the  periphery.  When 
examined  microscopically,  this  organism  displays 


\ 


short,  sepate  hyphal  branches  giving  rise  to  verti- 
cillate  conidiophores.  These  abstrict  (form  by  lay- 
ing down  a  septum)  long,  fusoid  or  sickle-shaped, 
multiseptate  macroconidia  with  pointed  ends.  Oval 
to  spheroid  unicellular  microconidia  are  also  pro- 
duced on  short,  simple  conidiophores. 

1 1-9.  Helminthosporium  spp.  rapidly  develops 
a  grayish  colony  which  is  flat  and  cottony.  As  it 
matures,  the  colony  forms  a  matted,  black,  de- 
pressed central  mycelium  with  a  raised  grayish 
periphery.  Microscopically,  the  hyphae  are  septate 
and  dematiaceous.  The  conidiophore  may  be  sim- 
ple, branched  or  unbranched,  long  or  short,  and  is 
usually  knotted.  Numerous  elliptical,  .multiseptate, 
thick-walled  macroconidia  develop  from  the  conid- 


Figure  30.  Cephakwporium. 
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Figure  32.  Fusarium. 
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Figure  33.  Helmenthosporium. 

iophore.  These  macroconidia,  like  tik  hyphae, 
are  dematiaceous  (dark  brown).  When  the  macro- 
conidia detach  from  thejjhore  a  dark  scar  is  left  at 
the  former  point  of  attachment.  The  wormlike 
shape  of  the  conidiophore  is  no  doubt  responsible 
for  the  genus  name  Helminthosporium. 

11-10.  Nigrospora  spp.  is  a  rapid  growing  fun- 
gus that  first  develops  a  cplony  with  compact, 
woolly,'  white  aerial  growth  which  gradually  be- 
comes gray  due  to  the  black,  sporulatiug  mycelium 
on  the  surface  of  the  agar.  The  reverse  pigment  is 
blacky  Microscopic  examination  reveals  septate 
hyphfae  from  which  develop  simple,  unbranched 
short  conidiophores  with  swollen  vesiclelike  ends. 


Figure  34.  Nigrospora. 


Figure  35.  Scopulariopsis. 

The  macroconidium  which  forms  on  the  vesicle  is 
black  and  spherical.  When  present  in  large  num- 
bers, it  is  responsible  for  the  dark  grayish  colony 
color  as  well  as  the  black  reverse  pigmentation. 

1ML  Scopulariopsis  spp.  is  a  slow-growing 
saprophyte  at  first  membranous,  wrinkled,  and 
glabrous  \*ith  regard  to  surface  texture.  As  the  col- 
ony matures  aerial  hyphae  and  conidia  develop, 
giving  the  culture  a  powdery,  light  brown  appear- 
ance. Microscopically,  the  hyphae  are  septate  and 
the  conidiophores  are  simple — either  branched  or 
^pntyanched.  The  ^lemon-shaped,  echinulated 
conidia  which  develop  in  unbranching  chains  on 
the  condiophores  have  a  characteristic  pointed  apex 
and  truncate  (cut  off)  base.     ,  . 


Figure  36.  Sepedonium. 
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Table  27 

Macroscopic  Morphology  of  Common  Sa^^hytic  Funoi 
having  Characteristic  COMDiopQprai 


Organism 


Aepergillun ^avatuo 


Aep#rgillufi  fumigatue 


Aapevgilluu  glauaut 


U\\    Atpevgillus  nigev 

00.  ^  • 


Cladoeporium  $p. 


Paeoilomyceo  -sp. 


Growth 
■Rate  *  • 


Jlapid 


Surfaaa 
topagvapny 


Rapid 


Rapid 


Rapid  i 


id 


Rapid 


Penicillium  sp. 


Triohoderma  sp. 


Rapid 


Rapid 


Flat 


Flat 


Young:  flat 
[  mature: 
;  slightly 
heaped** 


Flat 


Flat  to 
slightly 
heaped  . 


Flat 


Flat 


Flat 
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Surface 
Texture  ■ 


Woolly 


Velvety  or 
powdery 


Jfoung : 
f loccose 
mature:  * 
granular 


W<£ 


oily 


Glabrous , 
downy ,  or 
velvety 


Powdery  to 
velvety 


Powdery 


Woolly 


Surface 
Pigment 


|>^e  to  green 


l^ly-blue  to 
4#reen,  dark 


(  ^bsent 


jVoung:  white 

■mature:  green 
^  center  with 
*  yellow-gold 
*  periphery 


Young:  whiten-to 
yellow 

mature :  dark 
brown  to.  black 


Green  to  black, 


low- brown,, 
gr*y- green*  " 
Violet,  or 
white 


White- green  to 
'  blue  and  other 
colors 


White  to  green 


1  it* 


Significant 
Baok  or  Reverse 
Pigment 


Absent 


Absent 


Absent 


Green  to  black,  dark 


Absent 


Absenf 


Port  wine  to  dark 
brown  soluble 
pigment 
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Table  28  ' 
Microscopic  Morpholooy  qf  Common  Saphrophytic  Fungi  having 
Characteristic  Conidiophores  ,* 


**  Organism 

Aspergillus 
clavatus 

* 

Septal©.       \ b 
branched. 

Conidiophore  1 
•  J 

Consists  ot  sf&lk,  ve*ieto  and  s»n$% 
raata;  *  stajk  expands  into,  clavate  , 
vehicle;  single  rows  of  sterigmata 
over   entire  Surface   of  vesicle; 
echinulated  1  stalk  (oil) . 

Spore 

» in  unbranchcd  chains  from  sterig- 
mata.   *  ' 

'    V          yr        *  ■ 

Aspergillus 
f  ami  gat  us 

Septate, 
branched. 

Consists  of  stalk,  vesicle  and  sterig- 
mata;  stalk  expands  into  flasfc 
shaped   vesicle;    single  *rows  of 
stengmaja  occur  on  upper  naif  m 
'of  vesicle;  smooth  stalk. 

Conidium:   thiclc  echinulated,  dark 
green;  occur'  in  unb ranched'  chains 
from  sterigmata. 

Aspergillus          ^ , 
glaucus 

Septate, 
branched. 

Consists  of  stalk,  vesicle  and  sterig- 
mata;  stalk  expands  into  globous- 
vesicle;  single  rows  of  sterigmata 
occur  over  entire  surface  of  vesi- 
cle; smooth  stalk> 

(Conidium :    ( asexual ) ;  echinulated, 
green?  occur  in'  unbranchcd  chain 
from  sterigmata;  ascospore  (sex-  & 
ual),  average  oi  o  wiinin  asci,  asci  } 
within  perithelium.  « 

Aspergiflus^ 

niger  •  » 

r  1 

Septate, 
branched 

Consists  of  stalk,  vesicle  and  sterig- 
mata;  stalk  expands  into  vesicle 
•haVinfe  usually  two  (1-2)  <o«rs  of 
sterigmata  over  entire  surface  of 
vesicle;  smooth'  stalk. 

Conidium;  echinulated  deraatiaceous;  J 
occur  in  unbranchcd  chains  from .  A 
sterigmata;                             1  s» 

*  .s 

JJ  —  

Cladosporium 
*  sp. 

> 

Septate, 
branched. 

*  

Simple,    branched    produces  long 
-branched  chains,,  of  microconidium 
(cladosporium- type  sporulation) . 

Conidium:  occur  in  branched  chains. 

*                ■ .  ■         *           *                   *  * 
i 

Paecilomyces 

Septattf, 
branched. 

Consists  of  single  or  multiple  (often 
in  whorles)  sterigmata  from  which 
chains  of  microconidia  originate. 

Conidium:  elliptical,  occur  in  uh- 
branched  chains  which  appear  to  , 
slightly  bend  in  one  direction  along  -  ( 
•  with  conidiosDore.                s  _S 

Penicillium 
spp.  1 

Septate,' 
branched 

Simple:   includes  stalk  and  sterig- 
;  maU;  »  complex:    includes  stalky 
metulae.  anj^sterigmata;  sterig- 
mau  are  brusli  likf ;  variations  be- 
tween simple  and  complex  conidio- 
phores are  species  specific.  jf 

Coriidium:   smooth   or  ecli^^MlR^^ 
.elliptical;   'occur    in    unb^anc^p&;      .    .  * 
chains  from  sterigmata.  ,    %  * 

Trichoderma 
sp. 

 7  

Septate, 
branched 

Simple,  branched;  sterigmata  are  al- 
ternating .  or  directly  opposed  on 
short  hyphal  sulk  of  conidiophore. 

Conidium:  spherical,  formed  in  clust- 
•    ers  at  tip  of  sterigmata* 

illustrated  in  fotflout  3,  detail  A.  Their  micro- 
scopic morphological  features  are  presented  in 
table  28  and  shown  in  figures  37  through  41  in 
drawings  from  slide  cultures. 

11-14.  Aspergillus  clavatus,  a  -rapid-growing 
\saprophyte,  develops  a  flat  colony  with  a  woolly 
Surface  texture.  It  has  a  blue-green  surface  pig- 
ment and  lacks  any  reverse  pigmentation."  The  hy- 
phae  are  ^ranched  and  septate.  The  conidiophore 
is  composed  of  a  stalk,  vesicle,  and  sterigmata. 
The  stalk  arises  from  a  foot  cell  and  expands  at  its 
apex  to  form  a  clavate  vesicle  covered  with  single 
rows  of  sterigmata;  Ecbinulations  may  fce  observed 
on  the  stalk  under  oil  immersion.  The  microconidia 
are  smooth,  gray-green  in  color  and  occur  in  un- 
branched  chains  from  the  sterigmata. 

59 


o       »  -  504 

ERIC  > 


i  l-llfsepedomum  spp.  grows  rapidly,  forming 
a  flat,  cottony  colony' which  displays  a  white  sur- 
face pigment.  There*  is  no  reverse  pigment.  Mi- 
croscopic study  reveals  septate  hyphae,  tohicfr 
elaborate  simple  long  or,short  unbranched  conid- 
iophores. Tte  :macroconidia,  are  spheical  and 
thick-walled  wjth  projecting  spines  or  tubercles. 
This  saprophyte,  as  noted  in  an  earlier  chapter, 
closely  simulates  some  strains  of  Histoplasma  cap- 
sulatum.  ' 

11-13.  Saprophytes  with  Characteristic9  Con- 
idiophores. The  saprophytic  fungi  which  comprise 
the  common  laboratory  contaminants  of  this  group 
include  members  of  the  Genera  Aspergillus,  Cla- 
dosporium, Paecilomyces,  Penicillium,  and  Tri- 
choderma. The  macroscopic  morphological  char- 
acteristics of  these  fungi  are  given  in  table  27  and 


J     Figure  37.  Aspergillus. 

11-15.  Aspergillus  fumigatus,  a  rapid-growing 
contaminant,  forms  a  flat  colony  with  a  velvety  or 
powdery  texture.  The  surface  pigment  is  a  dark 
gray-blue  to  green  and  reverse  pigmentation  is  ab- 
sent Microscopically,  A.  fumigatus  has  a  flask- 
shaped  vesicle  which  sets  it  apart  from  A.  clava- 
tus.  Single  rows  of  sterigmata  occur  only  on  the 
upper  half  of  the  vesicle  and  tfce«  stalk  is  smooth. 
Microconidia  are  thick,  echinulated,  and  dark 
green  in  color.  They  occur  in  unbranched  chains 
from  the  sterigmata. 

11- 16/  The  Aspergillus  glducus  species  of  As- 
pergillus is  rapid-growing,  and  at  first  forms  a  flat 
colony  which  later  becomes  slightly  heaped.  The 
immature  colony  is  woolly  in  texture,  later  becom- 


Figurc  39.  Pacecikpnycei. 

ing  granular.  The  young  colony  is  white,  while  the 
mature  growth  shows  a  green  center  with  a  yel- 
low-gold periphery.  There  is  no  reverse  pigment. 
A.  glaucus  microscopically  reveals  a  glabrous  vesi- 
cle covered  with  single  rows  of  sterigmata.  The 
stalk  is  smooth.  The  green  and  echmulated  micro- 
conidia occur  in  Unbranched  chainstrom  the  tips 
of  the  sterigmata.  - 

11-17.  Aspergillus  niger  is4  a  rapid-growing 
species  that  forms  a  flat  woolly  colony  which  is  at 
first  white  to  yellow*  As  the  colony  matures,  it  be- 
comes dark  brown  to  black.  The  vesicle  of  A. 
niger  usually  has  two  rows  of  sterigmata  over  the 
entire  surface  and  the  stalk  is  smooth.  The  micro- 
conidia are  echinulated  and  dematiacebu^,  occur- 


Figure  38.  Cladosporium. 
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Figure  40.  PenicilliunL 


Figure  41,  Trichoderma. 

ring  in  unbranched  chains  from  the  tips  of  the 
sterigmata. 

11-18.  Gladosporium  spp.>  is  another  rapid- 
growing  Saprophyte  that  develops  a  flat  to  slightly 
heaped  colony  which  mpy  be  glabrous,  downy,  or 
velvety.  Both  the  front  and  reverse  pigmentation 
range  from  dark  green  to  black.  The  hyphae  are 
^septate  and  branched  under  the  microscope.  The 
conidiophore  is  simple  and  branched,  forming  long 
branching  chains  of  continuously  budding  micro 
conidia.  The-  microconidia  may  septate  and  be- 
com  bicellular  when  mature.  The  hyphae,  conid- 
iophores,  and  conidia  are  dark  brown  in  color. 

11-19.  Paecilomyces  spp.  is  a  rapid-growing 
contaminant  producing  a  flat  colony  with  a  pow- 
dery or  velvety  surface  texture.  The  surface  pig- 
mentation may  be  yellow-brown,  gray  green,  violet, 
or  white,  and  reverse  pigment  is  absent.  The  micro- 
scopic picture  is  one  of  septate  branched  hyphae 
with  conidiophores  existing  either  singly  or  in 
groups  (often  in  whorls).  Flask-shaped  sterigmata 
with  elongate,  condial-bearing  tubes  may  be  seen  on 
the  conidiophores,  The  elliptical  micronconidia  Oc- 
cur in  unbranched  chains  and,  along  with  the  conid- 
iophores and  sterigmata,  bend  away  from  the  main 
dxis  of  the  hypha. 

11-20.  Penicillium  spp.  is  a  rapid-growing' fa- 
miliar saprophyte^hat  develops  a  flat  powdery  col- 
ony which  is  generally  white-green  blue  in  color. 
There  is  410  reverse  pigmentation.  Microscopically, 
the  genus  Penicillium  typically  reveals  hyphae 
which  are  septate?  and  branched.  Conidiophores 
may  be  either  simple  or  complex  and  are  indica- 
tive of  particular  species.  TJie  simple  conidiophore 
consists  of  only  a  single  stalk  and  sterigma  from 
which  microconidia  are  elaborated  in  an  un- 


branched chain.'  The  complex  condiophore  in- 
cludes a  stalk  which  branches  out  apically  in  the 
form  of  a  brush.  Each  branch  develops  a  mctula, 
within  which  conidia  are  generated;  and  a  flask- 
shaped  sterigmata,.  through  which  the  spores  are 
passed  in  unbranching  chain  arrangement.  The  el- 
liptical microconidia  may  be  either  smooth  or 
echinulated. 

11-21.  Trichoderma  spp.,  the  last  member  of 
this  group  of  saprophytes  with  characteristic  conid- 
iophores, also  grows  rapidly  to  form  a  flat, 
woolly  colony  which  varies  from  white  to  green  in 
color.  Reverse  pigmentation  ranges  from  port  wine 
to  a  dark  brown.  As  with  all  the  previous  members 
of  this  group  the  hyphae  are  septate  and  branched. 
The  simple  branched  conidiophores  may  alternate 
or  directly  oppose  each  other.  The  spherical  mi- 
croconidia are  extended  through  a  sterigmata 
forming  a  loosely  adherent  globular  cluster  at  its 
tip.' 

11-22.  Saprophytes  with  Characteristic  Spo- 
rangfophores.  Those  common  contaminants  which  a 
belong,  to  the  Class  Phycomycetes  will  be  de- 
scribed from  both  a  macroscopic  and  micro- 
scopic standpoint  in  this  section.  They  include 
species  of  the  Genera  Absidia,  Mucor,  Rhizpphus, 
and  Syncephalastrum.  The  macroscopic  features  of 
these  fungi  are  available  in  table  29.  Refer  to  fig- 
ures 42  through  45  and  table  30  for  data  regard- 
ing the  microscopic  morphology  of  each  member 
of  this  group. 

11-23.  Absidia  spp.  is  a  rapid-growing  sapro- 
phyte that  forms  a  flat  colony  which  is  woolly  and 
coarse  in  texture  and  displays  a  surface  pigment 
varying  from  white  to  grayjvbrown,  or  yellow.  Re- 
verse pigmentation  is  absent  Under  the  micro- 
scope the  hyphafc  are  broad  and  aseptate.  Rhizoids 
develop  at  the  nodes.  The  conidiophore  is  com- 
prised of  a  stalk*  which  swells  apically  to  form  the 
spore-generating  organ  called  the  columella  and 
pear-shaped,  saclike,  sporangium  which  incloses 
the  columella.  The  sporangiospores  (endospores) 
when  released  from  the  columella  are  entrapped  in 
the  sporangium. 

11-24.  Mucor  spp.  is  a  rapid-growing. contami- 
nant that  forms  a  flat  colony  which  is  also  woolly 
and  coarse.  The  surface  pigmentation  ranges  from 
white  to  gray,  brOwn,  or  yellow,  and  no  reverse 
pigmentation  is  present.  The  hyphae  are  broad 
and  aseptate.  The  conidiophore  is  essentially  the 
same  as  with  Absidia  spp.  except  that  the  sporan- 
gium is  spherical  in  shape.  Frequently,  there  is 
branching  of  one  conidiophor^fflOm  another.  The 
sporangiospores  #re  identical  to  those  produced  by 
Absidia  spp. 

11-25.  Rhizopus  nigricans,  another  rapid-grow- 
ing fungus,  forms  a  flat  colony  which  is  woolly  in 
texture.  Surface  pigmentation  is  gray  to  brown  and 
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Table  29 

Macrosofic  Morphology  of  Common  Saprophytic  Fungi 

(PHYCOMYCBTE3)  HAVING  CHARACBTRISTOS  SPORANGIOPHORES 


Organism 


Growth  Rate 


Surface 
Topography 


Surface 
Texture 


*  Surface' 
Pigment 


Significant 
Back  or  Reverse 
Pigment 


Apsia(a  sp. 


Rapid 


Flat 


Woolly, 
Coarse. 


White  to  gray, 
brown,  or  yellow 


Absent 


Mucor  tp. 


Rapid 


Flat 


Woolly, 
Coarac. 


White  to  gray 
brown,  or  yellow 


Absent 


Rnizopus 
nigricans 


Rapid 


Flat 


Woolly 


Gray  to  brown, 
dotted  with  black 
sporangia 


Absent 


zopus 
oryzae 


Rapid 


Flat 


Woolly 


White  to  gray  or 
brown 


Absent 


Syncephalastrum 
sp. 


Rapid 


Flat 


Woolly 


White  to  dark 
gray 


Absent 


^Nojn:  The  microscopic  morphology  of  these  Phycomycetes  resembles  the  macroscopic  morphology  of  Ntgrospor*  sp.,  seen  In  ptita 


dotted  with  black  sporangia.  There  is  no  reverse 
pigmentation.  The  microscopic  picture "  reveals 
broad  aseptate  hyphae.  The  conidiophores  develop 
in  nddal  groups  at  opposite  ends  of  hyphal  runners 
called  stolons.  These  conidiophores  form  a  spheri- 
cal sporangium  and  are  essentially  the  same  as 
those ^previously  described.  A  tuft  of  root  like  hy- 
phae (rhizoid)  develops  at  the  ends  of  the  stolon 
opposite  the  conidiophore  and  aids  the  fungus  in 
adhering  to  the  substratum  as  well  as  facilitating 
assimilation  of  nutrient  material.  Except  for  their 
black  Color,  the  sporangiospores  appear  the  same 
as  thosb  of  Absidia  and  Mucor  spp. 

11  -26.  The  growth  rate  and  macroscopic  mor- 
phology of  Rhizopus  oryzae  cannot  be  distin- 


guished from  that  of  R.  nigricans.  Microscopically, 
the  only  variation  from  R.  nigricans  involves  the 
stalk  of  the  conidiophore  (which  is  striated)  and 
the  sporangiospores,  'which  are  dark  brown  rather 
than  black. 

1 1*27.  Syncephalastrum  spp.  is  a  rapid-growing 
contaminant  that  is  essentially  die  same  macro- 
scopically  as  R.  oryzae.  Microscopic  examination 
reveals  the  characteristic  broad,  aseptate  hyphae 
of  the  Class  Phycomycete$.  The  complex  conidio- 
phores consist  of  short  branches  of  aerial  hyphae 
which  are  greatly  swollen  at  their  tip-forming  vesi- 
cles. These  vesicles  bear  many  elongate  fingerlike 
projections,  the  sporangia,  which  produce  sporan- 
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Figure  42.  -Absidia. 


Figure  43.  Mucor. 
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Figure  44.  Rhizopus. 

giospores  in  long  chains.  When  observed  under 
low  magnification,  this  fungus  may  be  readily  mis- 
taken for  a  species  of  Aspergillus. 

1 1-28.  Saprophytes  with  Characteristic  ThaDos. 
This  final  group  of  common  contaminants  repro- 
duce by  forming  spores  within  or  directly  from  the 
plant  body.  The  members  which  will  be  discussed 
in  this  section  include  species  belonging  to  the 
Genera  Aurcobasidium,  Geotrichum,  Rhodoto- 
rulat  and  Strcptqjnyces.  Refer  to  table  31  for  in- 
formation regarding  their  macroscopic  morpholog- 
ical characteristics  and  foldout  3,  detail  B,  for 
illustration,  of  their  colonial  morphology  on  Sabour- 
aud's  dextrose  agar.  Table  32  is  provided  as  a 
ready  reference  to  their  microscopic  morphology. 

11-29.  Aurcobasidium  pullulans  is  a  rapid- 
growing  fungus  that  forms  a  heaped,  wrinkled  col- 
ony which  varies  in  texture  from  pasty  to  glabrous 
-or  leathery.  The  surface  pigment  is  typically  black, 
with  a  grayish-pink  fringe  of  submerged  mycelial 
growth.  The  reverse  pigment,  when  present,  is 
black.  In  its  early  stages  of  .development  the  hy- 
phae  appear  thin,  hyaline,  and  septate.  As  the 
hyphae  mature,  large,  black  (highly  dematia- 
ceous),  thick-walled  cells  are  formed.  The  micro 
conidium  may  bud  directly  from  the  walls  of 
young  hyphae,  or  develop  on  short  germ  tubes 
elaborated  by  the  older  hyphal  cells. 

11-30.  Geotrichum  spp.  is  a  rapid-growing  sap- 
rophyte that  forms  a  flat  colony  whose  surface  tex- 
ture is  at  first  pasty,  later  becoming  velvety  and 
cottony.  The  surface  color  varies  from  gray  to  tan 
and  no  reverse  pigment  is  developed.  The  micro- 
scopic picture  is  one  of  long,  lender,  multiseptate 
hyphae  which  readily  fragment  into  thin-walled, 
rectangular  arthrospores.  These  arthrospores  are 


reproductive  bodies  which  proliferate  germ  tubes 
to  form  new  hyphal  filaments. 

11-31.  Rhodotorula  spp.  produces  a  colony 
which  develops  rapidly.  The  colony  is  flat  and  dis- 
plays a  pasty  to  mucoid  surface  texture.  The  sur- 
face pigment  is  orange  to  red,  and  when  produced^ 
the  reverse  pigmentation  is  an  orange-red.  There* 
are  no  hyphae  or  conidiophores  developed  by  this 
fungus.  Reproduction  is  by  deans  of  simple  bud- 
ding of  yeast  type  cells  called  blastospores. 

1 1-  32.  In  contrast  to  the  great  majority  of  sap- 
rophytic fungi,  Streptomyces  spp.  is  slow  jua  devel- 
oping. The  colony  is  heaped  and  somewhat 
wrinkled — presenting  a  dry,  chalky,  leathery  ap- 
pearance on  the  medium.  Surface  pigmentation 
varies  considerably,  depending  on  the  species.  It 
ranges  from  cream  to  tan  or  brown.  There  is  no  re- 
verse pigmentation.  The  long,  slender,  branching 
hyphae  (less  than  1  micron  in  diameter)  fragment 
into  chains  of  microconidia.  These  chains  are  very 
delicate  and  morphological  studies  usually  are  best 
accomplished  by  means  of  slide  cultures. 

12.  Saprophytes  as  tho  Etiological  Agents 
of  Raro  Mycosos 

12-  1.  Some  of  the  previously  discussed  sapro- 
phytic fungi  have  been  implicated  in  serious  my- 
cotic infections  in  the  tissues  of  man  and  animals. 
Whether  these  organisms  are  the  actual  causative 
agents  of  disease,  or  are  present  simply  as  contam-  . 
inants,  is  often  difficult  to  assess.  It  is  well  to  re- 
member that  these  saprophytes  may  be  present  in 
the  role  of  secondary  invaders,  particularly  in 
cases  of  tuberculosis.  Typically  these  organisms 
are  opportunistic,  becoming  pathogenic  only  under 
favorable  conditions  which  may  occur  in  people 


Figure  45,  Syncephalaatrum. 
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Table  30 

Microscopic  Morphology  of  Common  Saprophytic  Fungi 
(Phycomycbtes)  having  Characteristic  Sporangiophores 


( 


Organiam 

 4 

Hypha 

SpovanglophovB 

Sport 

Abaidia  sp. 

Aseptate, 
rhizoids  at 
nodes . 

Consists  of  stalk,  columella  and 
pear-shaped  sporangium,  arise 
in  groups,  internodally . 

Sporangiospore ,  borne  In  group 
upon  columella  and  surrounded 
by.  sporangium. 

\                               o  ^ 

Muaor  sp. 

Aseptate, 
branched. 

Consists  of  stalk,  columella  and 
spherical  sporangium;  usually 
branched. 

Same  alv  above. 

—  

Rhimopu* 
nigricans 

Aseptate, 
rhizoids  at 
nodes . 

Consists  of  stalk,  columella  and 
spherical  sporangium;  arise  in 
groups  from  node. 

¥ 

Sporangiospores  are  black, 
otherwise,  sam«yas  above. 

Rhizoput 
oryzai 

Aseptate, 
rhizoids  at 
node. 

Stalk  is  striated,  otherwise 
same  as  rhizopus  nigricans. 

Sporangiospores  are  dark  brown; 
otherwise,  same  as  above. 

S 

Synaiph- 

alaitrum  sp . 

Aseptate, 
branched. 

Complex,  producing  many  clavate 
sporangia  from  vesicle,  often 
short  and  curved. 

Sporangiospores  formed  in 
clavate  sporangium. 

-a 

with  chronic  debilitating  diseases  or  whose  normal 
immune  response  has  been  impaired. 

12-2.  In  theory,  any  of  the  saprophytes  is  capa- 
ble of  causing  disease  in  man.  The  Genus  Asper- 
gillus, Penicillium  and  several  members  of  the 
class  Phycomycetes  have  been  implicated  in  the 
majority  of  the  cases.  The  laboratory  diagnosis  of 
mycoses  resulting  from  these  normally  innocuous 
fungi  along  with  those  agents  causing  cladospo- 
riosis  and  rhinosporidiasis,  will  be  discussed  in  this 
section. 

12-3.  Aspergillosis.  This  infrequently  occurring 
mycosis  caused  by  various  species  of  Aspergillus, 
is  typically  a  granulomatous,  necrotizing,  cavitary 
disease  of  the  lungs*  On  occasion,,  inflammatory 
lesions  occur  in  the  skin,  external  ear,  nasal  sin- 
uses, and  the  eye.  In  disseminated  form  the  bones, 
meninges,  and  other  body  organs  may  become  in- 
volved. Species  of  Aspergillus  are  ubiquitous  in 
nature,  and  infections  have  been  reported  from  all 
areas  of  the  world.  Plants,  insects,  domestic  ani- 
mals, and  especially  birds  are  susceptible  to  asper- 
gillosis. Agricultural  workers  who  are  exposed  to 
massive  doses  of  spores,  frequently  contract  the 
primary  pulmonary  form  of  die  disease  often  re- 


ferred to  as  'farmers  lung."  A  particular  species  of 
Aspergillus  generally  is  associated  with  a  specific 
infection  site.  Usually,  strains  of  A.  fumigates  are 
isolated  from  cases  of  pulmonary  aspergillosis, 
while  A.  niger  is  the  most  common  species  causing 
external  ear  infections.  The  various  clinical  forms 
include  pulmonary,  cutaneous,  disseminated,  and 
on  rare  occasion  rhino-ocular  infections. 

12-4.  Primary  pulmonary  aspergillosis,  the 
/Thost  common  type  of  human  infection,  elicits 
_  ^symptoms  which  closely  simulate  those  of  pulmon- 
ary tuberculosis.  Individuals  who  live  or  work  in 
environments  where  A.  fumigatus  spores  are  prev- 
alent may  become  sensitizied;  and,  thus,  when  a 
large  number  of  spores  are  inhaled  they  develop 
an  allergic  asthma.  Species  other  than  fumigatus 
may  also  produce  sensitization.  The  most  common 
form  of  cutaneous  aspergillosis  is  otomycosis,  an 
external  ear  infection,  with  A.  riiger  is  the  usual 
etiological  agent  Skin  lesions  may  also  result  from 
bloodstream  dissemination  in  cases  of  fulminating 
systemic  aspergillosis.  A  few  cases  of  mycetoma 
(fungal  tumor)  due  to  A.  amstclodami  and  A. 
nidulans  and  other  species  have  been  reported  in 
the  literature. 
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*  Table  31 

Macrosopic  Morphology  of  Common  Saprophytic  Fungi 
having  Characteristic  Thaixi  ^ 


Organism 

Growth  Rate  ^ 

V 

Surface 
Topography 

Surface 

Surface  Pigment 

Significant  Back 
or  Reveree  Pigment 

A  ureobasidiunx 
pullulans 
(pullularia 
pullulans) 

Rapid 
• 

Flat 

r  la  {, 

rasty  to 
glabrous  to 
leathery 

Whi te  or  pink , 
to  black 

Absent  or  black 

Geotrichum  sp. 

Rapid 

Flat 

Pasty  to 
velvety  to 
cottony 

Gray  to  tan 

Absent 

Rhodotorula  s\  . 

Rapid 

Flat 

Pasty  to 
mucoid 

% 

Orange  to  red 

Absent  or  orange- 
red 

Strep tomycea  sp . 

Rapid 

■  V  

Heaped 

4 

Dry,t  chalky, 
leathery 

Cream,  tan  or 
brown 

-Absent 

510 
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Table  32  *  f      ;  *  ^ 

Microscopic  Morphology  of  Common  Saprophytic  Fungi 
having  Characteristic  Thalu 


Organism 

r 

Hypha 

 ■  1  

Sporophore  \ 

Spore 

V 

Aureobasidium 
pu I lu lans 
(Pullu lavia 
pullulane ) 

/ 

Septate,  thin,  hyaline 
(young)  developing 
into  wide,  thick- 
walled  dematiaceous 
(old)  hypha. 

Conidiophore not 
prbminant . 

Microeonidium-:  may 
bud  from  young 
hypha  or  grom  germ 
tube  of  old  hypha. 

Geotriohum  sp . 

Multiseptate ,  frag- 

iiicji  icu    1J1 1 U    ai  LIIXO 

spores . 

None 

Arthrospore :  square 
to  oval  segments 
from  fragmented, 
multiseptate  hypha. 

Rhodotorula  sp. 

None 

None 

Blastospore :  budding 
yeast -type  cell. 

Streptomyoee  sp. 

Slender,  firue  (1  mi- 
cron or  less  ,  dia. ) , 
branching. 

Straight  o"r  coiled, 
breaks  up i into  chains 
of  micrbconidia. 

Microeonidium:  oc- 
K  curs  in  chains 
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12-5.  Disseminated  aspergillosis  nbrmally  re- 
sults from  the  extension  of  a  primary  pulmonary 
infection  which  fails  to  be  contained  by  calcifica- 
tion in  the  lungs.  The  fungus  is  spread  to  the  vital 
organs  of  the  body  via  the  bloodstream,  resulting 
in  widespread  tissue  necrosis  and  severe  toxemia. 
A.  fumigatus,  A.  flavus,  and  other  species  have  on 
rare  occasion  invaded  the  nasal  sinuses,  the  orbit 
of  the  eye  and  the  eye  itself,  resulting  in  the  rhino-  * 
ocular  form  of  aspergillosis.  This  form  of  the 
disease  often  spreads  to  the  central  nervous  "sys- 
tem. 

12-6.  Since  species  of  Aspergillus  are  so  * 
frequently  observed  in  and  cultured  from  clinical 
materials,  their  implication  in  disease  processes 
normally  requires  repeated  recovery  from  clinical 
materials  in  the  absence  of  other  pathogenic  agents 
and  positive  histologic  findings.  Recovery  of  the 
organism  from  unexposed  specimens,  such  as 
pleural  or  spinal  fluid  is  string  supportive  evi- 
dence. 

12-7.  Direct  wet  preparations  should  be  accom- 
plished on  sputum,  bronchial  washings,  and  other 
body  fluids.  When  volume  is  sufficient,  it  is  best  to 
use  the  centrifuged  sediment.  The  mycelium  ap- 
pears wide,  4  to  6  microns  in  diameter,  of  a  fairly 
uniform  width,  and  septate.  In  the  absence  of  a 
conidial  head  it  is  not  possible  to  distinguish  As- 
pergillus from  morphologically  similar  fungi;  how-/ 
ever,  if  large  quantities  of  this  type  of  tyyphae  are 
present,  it  is  quite  suggestive. 

12-8.  The  material  must  be  cultured  on  media 
such  as  Sabouraud's  dextrose  agar  containing  anti- 
bacterial agents  other  than  cycloheximide.  Most 
Aspergillus  isolates  are  sensitive  to  this  antibiotic. 
As  soon  as  growth  is  adequate,  wet  mounts  are 
prepared.  A.  fumigatus  has  been  identified  as  the 
etiological  agent  of  aspergillosis  in  90  to  95  per- 
cent of  such  cases.  Animals  have  been  used  by 
several  researchers  to  demonstrate  the  thermola- 
bile  endotoxin  produced  by  A.  fumigatus.  Animal 
inoculation  techniques  are  considered  unnecessary, 
however,  in  identifying  the  Aspergilli.  Present  im- 
munologic tests  are  of  no  value  because  of  the  fre- 
quency of  cross  reactions  and  the  lack  of  standard- 
ized reagents. 

12-9.  Phycomycosis  (Mucormycosis).  Several 
genera  of  the  class  Phycomycetes  are  capable  of 
causing  this  rapidly  fatal  disease  characterized  by 
acute  "inflammation  and  vascular  thrombosis.  Since 
the  name  mucormycosis  refers  only  to  species  and 
strains  belonging  to  this  genus,  the  use  of  the  term 
"phycomycosis"  seems  much  more  appropriate. 
Genera  other  than  Mucor  which  may  be  impli- 
cated in  phycomycoses  include  Absidia,  Rhizopus, 
Morticrella,  and  Basidiobolus.  These  ubiquitous  - 
fungi,  as  in  the  case  of  Aspergilli,  are  common 
laboratory  contaminants.  Unless  they  are  repeat- 


edly isolated  from  clean  clinical  material  6hd  the 
findings  corroborated  culturally  and  by  histologic 
examinatidh,  a  definitive  diagnosis  is  difficult 
Phycomycosis  has  been  reported  from  many  areas 
ofitht  world,  and  it  is  likely  that  the  disease,  al- 
though rare,  is  cosmopolitan  in  distribution.  Sys- 
temic infections  occur  either  by  inhalation  or  in- 
gestion of  spores,  or  in  localized  cutaneous  form 
as  a  result  of  skin  penetration.  There  are  several 
conditions  predisposing  to  a  phycomycosis,  and- 
probably  the  most  important  of  these  is  diabetes 
mellitus.  Such  conditions  as  malnutrition,  uremia, 
and  amebiasis  preceding  visceral  phyco mycotic 
infections  have  been  reported.  Another  jpefeas- 
ingly  significant  predisposing  factor  is  the  pro- 
longed use  of  antibiotics  and  steroids.  The  phyco- 
mycoses have  been  classified  into  four  basic  types: 
cranial-facial,  thoracic,  abdominal-pelvic,  and  der- 
mal. 

12-10.  The  cranial-facial  form  of  infection, 
usually  affecting  patients  with  severe  acidotic  dia- 
betics, often  originates  in  the  paranasal  sinuses. 
Thoracic  phycomycosis  results  from  inhalation  of 
spores  or  aspiration  of  fungal  material  draining 
from  lesions  either  in  the  nose  or  mouth.  It  is 
characterized  by  progressive  nonspecific  bronchitis 
and  pneumonia.  Since  the*  fungi  demonstrate  a 
particular  affinity  for  the  blood  vessels,  they  are 
often  found  in  large  numbers  in  their  lumens  so 
that  thrombi  and  resultant  infractions  are  com- 
monplace. 

12-11.  The  abdominal-pelvic  form  of  infection 
presumably  originates  from  the  ingestion  of  infec- 
tive funfcal  elements,  or  possibly  due  to  blood- 
stream dissemination.  No  particular  region  of  the 
alimentary  tract  appears  to  be  more  susceptible 
than  another.  A  few  well-documented  cases  of 
subcutaneous  phycomycosis  have  been  reported 
from  Indonesia.  The  histories  in  these  cases  did 
not  indicate  injury  to  the  skin;  however,  they  did 
indicate  that  the  infection  began  at  one  spot  as  a 
subcutaneous  nodule  which  gradually  increased  in 
size.  Healing  takes  place  without  specific  treat- 
ment after  periods  of  several  months  to  a  fe^ 
years.  The  organisms  proved  to  be  Basidiobolus 
ranorum. 

12-12.  For  diagnosis  of  a  phycomycosis  clinical 
materials  aspirated  from  nasal  sinuses,  or  ob- 
tained by  the  scraping  of  nasal  or  oral  lesions, 
should  be  examined  directly  in  potassium  hydrox- 
ide for  the  presence  of  broad  (6  to  15  microns  in 
diameter),  aseptate,  branching  hyphae.  A  rare 
septation  may  be  observed.  When  body  fluids  are 
submitted,  such  as  spinal  fluid  or  bronchial  wash- 
ings, t&ey  should  be  concentrated  by  centrifugation 
before  examination.  Tfie  clinical  material  should 
be  cultured  on  Sabouraud's  dextrose  agar  without 
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cycloheximide  and  incubated  at  25°  C.  If  blood  or  12-16.  Rhinosporidium  seeberi  has  not  been 
pus  is  present  in  the  specimen,  give  this  part  of  the  cultured  and,  thus,  its  exact  taxonomic  position 
specimen  priority  for  use  in  inoculation  of  the  me-  has  never  been  established.  Its  close  resemblance 
dium.  The  phycomycetes  are  fast-growing;  they— *o  the  sporangial  development  seen  in  the  Phyco- 
rapidly  fill  the  tube  with  a  white,  cottony  growth  rtycetes  suggests  that  it  probably  is  a  member  of 
which  turns  gray  with  sporangial  formation.      the  cllss  Phycomycetes,  Other  factors  supporting 


Teased  amounts  in  lactophenol  cotton  blue  are  ex 
amined  microscopically  for  broad  aseptate  hyphae, 
sporangia,  and  spores.  Genus  identification  should 
be  based  on  structural  features  such  as  rhizoids, 
stolons,  or  conidial  variations.  The  characteristics 
of  the  common  agents  of  phycomycosis  are  availa- 
ble in  tables  29  and  30. 

12-13.  The  most  rapid  method  of  diagnosing  a 
phycomycotic  infection  is  \o  prepare  a  frozen  sec- 
tion of  biopsied  tissue  stained  with  hematoxylin 
and  eosin.  The  fungus  appears  in  the  tissue  as 
broad,  branched,  aseptate  hyphae  which  may  reach 
200  microns  in  length.  Culturing  is  necessary  for 
genus  and  species  identification.c?^anmal4nocula- 
tion  and  immunologic  procedures  'are.  of  no  value, 

12-14.  Rhinosporidiosis.  Rhinosporidium  see- 
beri is  the  fungus  responsible  for  this  worldwide 
human  disease.  If  is  a  chronic,  granulomatous  my- 
cosis characterized  by  the  development  of  polyp- 
like masses,  primarily  of  the  mucous  membranes. 
In  more  than  90  percent  of  reported  cases,  the  po- 
lyps first  appeared  on  the  mucous  membranes  of 
the  nose,  either  sessile  or  pedunculated;  and  often 
of  sufficient  size  to-obstruct  breathing.  The  eyes 
are  frequently  involved.  Many  such  cases  probably 
go  undiagnosed  because  of  early  surgical  removal 
without  histological  study.  Occasional  infections  of 
the  ears,  larynx,  and  genitalia  have  also  been  re- 
ported. The  natural  habitat  of  the  organism  is  un- 
known and,  therefore,  the  source  of  infection  is 
obscure.  Cases  of  the  disease  in  India  and  Ceylon 
have  been  associated  with  swimming  and  working 
in  stagnant  water,  and  the  theory  has  been  ad- 
vanced that  aquatic  animals,  such  as  fish  or 
frogs,  may  host  the  fungus. 

12-15.  The  polyps  which  develop  are  soft,  red, 
and  lobed.  They  often  resemble  the  surface  of  a 
cauliflower.  Small  white  spots  seen  on  the  surface 
of  the  polyp  are  actually  mature  sporangia  pro- 
duced by  the  organism.  Microscopic  examination 
of  these  polyps  reveals  spherical  bodies  varying  in 
size  between  6  and  300  microns.  These  bodies 
represent  the  progressive  stages  in  the  organism's 
development.  As  these  sporangia  enlarge,  they  de- 
velop thick  refractile  outer  walls,  and  the  cyto- 
plasm undergoes  progressive  cleavage  to  form 
thousands  of  lobated  endospores.  When  mature, 
the  sporangial  wall  ruptures  and  releases  the  en- 
dospores into  the  surrounding  tissue  where  they 
enlarge  to  form  new  sporangia. 
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this  classification  are  the  chitinous  and  cellulose 
components  of  the  sporangial  walls;  these  constitu- 
ents are  also  found  in  the  cell  walls  of  some  of  the 
lower  Phycomycetes. 

12-17.  Laboratory  identification  of  rhinospori- 
diosis is  dependent  on  clinical  observation,  and 
histologic  examination  of  biopsied  tissue.  The 
sporangia  can  be  seen  in  unstained  preparations 
with  the  naked  eye;  they  appear  as  large  cavities  in- 
the  surrounding  tissue.  Special  staining  techniques 
are  not  ^  required ;  however,  the  periodic-acid- 
Schiff  and  Gridley  stains  are  very  effective. 

12-18.  There  is  a  possibility  that  these  sporan- 
gia may  be  mistaken  for  the  spherules  of  Cocci- 
dioides  immi^  when  examined  microscopically. 
Differentiation  of  the  two  may  be  made  on  the 
basis  of  size,  since  the  mature  sporangia  of  R+  see- 
beri attain  considerably  greater  size  than  the  ma- 
ture spherules  of  C.  immitis.  Also  the  endospores 
/of  R.  seeberi  are  lobulated  and  stain  darkly,  while 
those  of  C.  immitis  are  nonlobulated,  with  only  the 
endospore  wall  staining  well. 

12-19.  Cladosporiosis.  Of  the  three  Cladospo- 
rium  species  which  cause  human  disease  only 
Cladosporium  bantianur%  should  be  referred  to  as 
causing  Cladosporiosis.  C.  carrionii  is  an  agent  of 
chromoblastomycosis,  while  C.  werneckii  was  cov- 
ered in  the  chapter  concerned  with  the  monomor- 
phic  molds.  The  organism,  C.  bantianum,  has  been 
referred  to -in  the  past  as  Cladosporium  trichoides 
and  Torula  bantiana. 

12-20.  The  fungus  causes  a  brain  abscess  in 
man,  but  its  portal  of  entry  remains  a  mystery.  Pu- 
rulent material  from  the  lesion  reveals  broqpi,** 
aseptate  branched  hyphae  1  to  2  microns  in  (Uam!H 
eter  with  many  vesicular  chlamydospores  that 
reach  a  diameter  of  8  microns.  Macroscopically, 
on  Sabouraud's  dextrose  agar,  growth  is  slow.  Flat 
to  some  dome-shaped  colonies  reach  a  diameter  of 
about  3  cm.  develop  after  2  weeks.  The  surface  is 
velvety  and  may  form  radial  folds.  Front  pigmen- 
tation is  dark  olive  gray  to  black,  while  the 
growth  is  jet  black  when  viewed  from  the  back. 

12-21.  Teased  mounts  of  the  growth  micro- 
scopically show  a  brown  septate  mycelium  from 
which  develop  simple  or  septate  conidiophores 
bearing  long,  sparsely  branched  chains  of  co^iidia. 
The  conidia  are  elongate  and  brown,  having  dark 
disjunctors  between  them^or  pn  each  end  of  the 


free  spores.  The  conidia  are  budded  from  the.  most  lonii,  but  can  be  distinguished  by  its  mote  rapid 

distal  cells,  causing  these  to  be  the  smallest  in  the  growth  rate,  the  extreme  length  of  its  sporeichains, 

chain.  *  the  development  of  longer  conidia  and  its  ^feility  to 

12-22.  Laboratory  identification  of  C.  ban-  grow  at ;  temperatures  as  high  as  42  to »  43*°  C  C. 

tianum  is  based  on  morphologic  and  physiologic  bantianum  and  C.  carionii  can  be  distinguished 

criteria.  The  morphologic  features  of  this  fungus  from  the  saprophytic  Cladosporium  speciesljoa  the 

are  elaborated  in  the  preceding  paragraphs.  C.  basis  of  their  dower  growth  rate  and  their  inability 

bantianum  is  Morphologically  similar  to  C.  car-  to  liquefy  gelatin.  v. ; 
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CH  APTE  R  5 


Virology 


IT  WASN'T  LONG  ago  that  the  clinical  labora- 
tory worker's  familiarity  with  virus  technology 
did  not  need  to  extend  beyond  the  occasional 
collection  of  blood  serum  to  be  sent  off  to  a  refer- 
ence laboratory  for  antibody  studies.  Today  we 
not  only  have  a  wider  variety  of  sensitive  serologi- 
cal test  systems,  but  the  development  of  tissue  -cul- 
ture methods  for  growing  viruses  has  greatly  sim- 
plified the  problem  of  isolating  these  disease 
agents  in  the  laboratory.  As  a  consequence,  the 
trend  in  medical  practice  is  toward  greater  use  of 
diagnostic  procedures  offered  by  the  virologist  to 
"  confirm  clinical  impressions  regarding  the  viral  na- 
ture of  an  infection. 

2.  You  will  still  find,  however,  that  few  military 
hospitals  have  the  facilities  and  specially  trained 
personnel  required  to  carry  out  lengthy  virological 
procedures— especially  virus  isolations.  Hence,  we 
continue  to  reljMlpon  consultant  centers  or  epide- 
miological^ laboratories,  that  are  appropriately 
equipped  and  staffed  to  handle  viruses.  The  no- 
ticeable change  in  hospital  laboratory  work  pat- 
terns comes  from  the  greater  diversity  and  ^volume 
of  specimens  submitted  for  examination — and  the 
care  that  must  be  taken  to  preserve  the  viability  of 
viruses  Tin  clinical  materials  so  that  isolation  at- 
tempte/toill  be  successful. 

3f  Accordingly,  the  main  purpose  of  this  chap- 
ter is  to  set  forth  general  guidelines  for  the  collec- 
tion, preservation,  packaging,  and  shipment  of 
clinical  specimens.  The,  other  material  included  in 
the  chapter  is  designed  to  build  an  understanding 
of  why  these  guidelines  are°impqrtant. 

4.  Following  a  brief  exploration  of  the  signifi- 
cance of  viruses  and  related  pathogens,  we  will  re- 
port recent  findings  oa  their  nature  and  mode  of 
reproduction.  Then  we  will  take  a  look  at  charac- 
teristics of  the  major  groups  and  thp  diseases  they 
cause.  After  that,  we  will  discuss  collection  and 
shipment  techniques.  Lastly,  there  will  be  a  short 
resume  of  the  conventional  procedures  used  by 
virus  diagnostic  centers  to  examine  the  specimens 
submitted  by  hospital  laboratories. 


ERIC 


13*  Introduction  to  Virology 

13-1.  We  often  tend  to  think  of  great  epidemics 
of  communicable  diseases  in  terms  of  the  distant 
past— the  "plagues"  of  the  Middle  Ages  that  deci- 
mated entire  populations.  And  we  sometimes  for- 
get that  many  of  the  virus  and  rickettsial  diseases 
that  changed  the  course  of  world  history  over  the 
centuries  are  still  a  threat  to  health,  political  stabil- 
ity, and  economic  wejfare.  Jt  seems  in  order, 
therefore,  to  take  a  loo$at  a  few  classic  examples. 

13-2.  Medical  and  Economic  Significance.  Let  s 
consider  smallpox,  for  instance.  "Smallpox  was 
prevalent  in  China  and  India  before  Christianity 
was  founded.  The*virus  was  introduced  into  West- 
ern Europe  early  in  the  16th  century, "and  for  the 
next  200  years  the  average  annual  mortality  from 
this  infection  was  nearly  20  percent  of  the 
population.1  Jenner's  discovery  in  1798  of  the 
principle  of  vaccination  with  cowpox  virus  pro- 
vided a  means  of  protection,  yet  smallpox  epidem- 
ics exact  a  Heavy  toll  of  lives  in  Asia  and  Africa  to 
this  day. 

13-3.  pr  takfe  measles,  a  disease  that  is  almost 
an  inevitable  accompaniment  of  childhood,  even  in 
the  morev  advanced  nations.  Measles  was  recog- 
nized clinically  1900  years  ago.  Periodi9  epidemics 
have  swept  the  world,  causing  uncounted  fatalities 
among  children  and  elderly  suscenjjl$tes.  History 
records  ' that  the  line  of  succession  to  the  French 
throne  was  altered  whenf  this  disease  invaded  the 
court  of  Louis  XIV  in  1712  and  struck  down  two 
immediate  contenders.  The  measles  virus  remains 
unconquered  despite  promising  research  on  new 
vaccines.  Even  the  relatively  mild  Rubella,  or  so- 
called  German  measles,  is  estimated  to  have 
caused  20,000  birth  defects  in  the  1964-65  out- 
break that  produced  214  million  cases  in  the 
United  States. 

13-4.  Louse-borne  typhus,  a  rickettsial  infec- 
tion, has  influenced  the  outcome  of  many  military 

'The  element!  of  historical  interest  mentioned  in  this  section 
were  excerpted  in  «part  from  the  review  by  Schabel  end  to  out 
from  the  text  edited  by  HixifsJl  and  Tamm  which  appear  in  tS 
bibliography  to  this  volume.  «* 
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operations  over  the  years.  In  J  528  the  French 
army  besieging  Naples  saw  imminent  victory* 
turned  into  defeat  when  typhus  infected  30,000 
soldiers  and  forced  the  French  to  withdraw  from 
the  city.  The  disintegration  of  Napoleon's  army  of 
500,000  men  in  1812  is  believed  to  have  been  due 
in  part  to  an  epidemic  of  typhus  during  the  retreat 
from  Moscpw.  Long  a  problem  in  Eastern  Europe 
and  Asia,  this  disease  swept  the  eastern  front  dur- 
ing World  War  I,  reportedly,  causing  30  million 
cases  and  3  million  deaths  among  Russian  mili- 
tary organizations  and  the  civil  populace.  Notwith- 
standing the  availability  of  modern  pesticides,  epi-  " 
demic  louse-borne  typhus  could  explode  again . 
under  crowded  and  unsanitary  conditions  which 
characterize  the  movement  of  troops  and  refugees 
in  military  campaigns.-  >, 

13-5.  Yellow  fetfer  and  influenza  are  among 
the  many  other  virus  diseases  that  Could  be  men- 
tioned from  the  standpoint  of  their  historical  im- 
pact on  civilization.  The  first  of  these,  yellow 
fever,  appeared  in  Central  America  in  1648  and 
gave  rise  to  epidemics  in  the  Americas  and  parts 
of  Europe  until  well  into  the  1 9th  century.  During' 
the  200  years  that  elapsed  before  the  role  of  the 
mosquito  in  yellow  fever  transmission  was  discov- 
ered, the  disease-ravaged  populations,  brought  in- 
dustry and  trade  to  a  standstill  in  parts  of  the 
Western  Hemisphere,  and  delayed  the  economic 
development  of  large  geographical  areas.  The 
virus  still  lurks  in  the  jungles  of  South  and  Central 
America.  The  presence  of  4tha  natural  mosquito 
vector  in  the  U.S.  affords  an  opportunity  for  the 
spread  of  yellow  fever  to  this  country  if  public 
health  measures  are  ever  relaxed. 

13-6.  Influenza,  was  recognized  historically  in 
at  least  30  major  epidemics  from  the  1 6th  to  20th 
centuries.  The  worldwide  spread  (pandemic)  of" 
this  disease  in  1918-19  affected  500  million  peo- 
ple and  caused  20  million  deaths,  either  directly  or 
through  associated  secondary  infections.  In  the 
United  States  alone,  500,000  fatalities  from  influ- 
enza occurred  in  a  population  of  100  million. 
Many  students  will  recall  the  outbreak  of  so-called 
"Asian  flu"  in  1957  which  sickened  60  million 
Americans  within  a  period  of  a  few  weeks. 

13-7.  The  foregoing  examples  point  up  the  fact 
that  many  virus  diseases  are  still  uncontrolled. 
Let'-s  examine  briefly^  the  enormous  health  and 
economic  consequences.  It  has  been  estimated  that 
a  virus  infection  of  one  type  or  another  occurs 
from  4  to  6  times  a  year  in  each  person  in  the  U.S. 
Assuming  a  lifespan  of  70  yearst  this  means  that 
the  average  person  suffers  from  virus  diseases  dur-  . 
ing  10  percent  of  his  lifetime. 

13-8.  From  the^  economic  Standpoint,  billions 
of  manhours  are  lost  annually  (work  absenteeism 
has  cached  10  to  20  percent  in  recent  flu  out- 


brfpks).  In-other  forms  of  economic  loss,  consider 
the  123  million  dollars  required  to  eradicate  foot- 
and-mouth  disease  in  Mexico  during  the  1950's 
and  the  multimillion  dollar  annual  loss  to  poultry 
(producers  in  the  U.S.  caused  by  the  avian  lym- 
phomatosis virus.2  It  should,  not  be  surprising, 
therefore,  that  scientific  interest  and  research  re- 
sources are  being  focused  more  and  more  on  thftyp 
virus  and  rickettsial  agents  of  disease  as  they  offer 
challenges  of  the  {Resent  and.future  as  well  as  the 
past. 

•^13-9.  Classification.  You  wiyrecall  that  the 
bacteria  we  studied  in  Volume/  1  and  2  of  this- 
course  belqng  to  the  classL  Schijjfamycete&fahe  "fis^/ 
sion  fungi."  The  division  Pro fophy ta  (ppfmordial 
plan tsVcontains^o  additional  classes  besides  the 
bactpria:  the  Schizophyceae  (fission  algae)  and 
the/  Microtatobiotes  (Greek,  -  smallest  Uving 
t|dngs).  The  virus  and  rickettsial  organisms  and 
related  forms  fall  within  the  latter  class.  The  sev- 
enth edition  of  'Bergey's  Afanwa^hp^s  the  follow- 
ing taxonomic  relationship  among  the  microbes 
that'we  will  mention  in  this  chapter.  Certain  fami- 
lies and  genera  of  lesser  medical  importance  have 
been  omitted: 

Class  III  -  Microtatobiotes 
Order  I  -  Rickettsiales 
Family  I  -  Rickettsiaceae      *  s 
•  . Tribe  I  -  Rickettsieae 
Genus  I  -  Rickettsia 
Genus  n  *  Coxiella 
Family  II  -  Chlamydiaceae  * 
Genus  I  -  Chlamydia  ,  1 
Genus  V  -  Miyagawaneila 
Order  U  -  Virales 

*  ) 

13-10.  The  first  family  of  the  order  Rickett- 
siales contains  the  Rickettsia  species  that  cause 
such  diseases  as  Rocky  Mountain  spotted  fever, 
typhus,  and  trench  fever.  The  genus  Coxiella  is 
represented  by  the  Q-fever  agent.  In  Bergey's  sec- 
ond family,  Chlamydiaceae,  we  find  two  gen- 
era, Chlamydia  and  Miyagawaneila,  whose  for- 
mal names  are^selfidm  seen  in  current  scientific 
texts.  Once  thought  to  be  viruses,  tliese  micro-or- 
ganisms have  been  referred  to  for  many  years  as 
the  Psittacosis-Lymphogranuloma  venereum-Tra- 
choma  group.  v  '  *  - 

13-11.  More  recent  taxonomic  schemes  pro- 
pose the  designation  "Bedsoniae"  for  the  Psitta- 
cosis and  Lymphogranuloma  venereum  agents  ot 
.the  genus  Miyagawaneila.  The  trachoma  agent 
(genus  Chlamydia)  is  then  grouped  separately 
with  the  pathogen  of  inclusion  conjunctivitis.  In 
this  chapter  we  will  use' the  more  recent  classifica- 


*  Figures  on  the  Incidence  of  disease  and  the  ffnqnH«i  burden 
imposed  by  virus  epidemics  were  extracted  from  the,  literature  by 
Schabel  and  summarized  in  his  piper  which  is  listed  in  the  bib- 
liography. 
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tion  groupings,  remembering  that  there  is  stiircon- 
siderable  debate  about  the  proper  ta^onomic  posi- 
tion of  those  forms  which  fall  somewhere  between 
the  rickettsiae  and  the  true  bacteria. 

13-12.  Formal  classification  within  the  viruses 
had  not  been  agreed  upon  at  the  time  Bergey's 
seventh  edition  was  printed,  so  neither  families  nor 
genera  are  found  below  the  order  Virales.  Lacjcing 
conventional  taxonomic  guideposts,  virologists 
have  adopted  an  assortment  of  physical  and  chem* 
ical  characteristics,  epidemiological  traits  and  mor- 
phological properties  which  enable  us  to  fit  most 
of  the  Human  viruses  into  the  eight  major  groups 
listed  below:  ( 


»  Ribonucleic  Acid  (RNA) 
Viruses 

Picornmvinues 
Reovinuea 
Arboviruses 
Myxovimscs 


Deoxyribonucleic  Acid 
(DNA)  Viruses 

Papovaviruses 
Adenoviruses 
Herpes  viruses 
Pox  viruses 


In  this  classification  scheme,  the  chemical  and 
physical  makeup  of  the  nucleic  acid  core  (RNA  or 
DNA,  singfe  or  double  strands,  number  of  nucleo- 
tides), host-vims  relationship  in  nature,  and  the 
type  of  virus  replication  (effects  on  host  cell)  are 
all  important.  So  are  details  of  morphology  con- 
cerning the  virus  particles — size,  presence  or  ab- 
sence of  an  envelope,  arrangement  of  protein  mole- 
cules. We  will  describe  some  of  the  characteristic 
differences  among  the  eight  groups  in  our  discus- 
sion of  thernature  and  structure  of  viruses. 

13-13.  The  Nature  of  Viruses  and  Related 
Organisms.  The  virus  and  rickettsial  forms  (to  in- 
clude related  agents  of  uncertain  classification, 
e.g.,  the  Bedsoniae)  are  obligate  parasites  which 
invade  the  nucleus  or  cytoplasm  6f  living  jpells. 
The  parasite  reproduces  by  redirecting  the  syn- 
thetic mechanisms  of  the  host's  cell.  Disease  in  the 
host  is  a  consequence  of  this  rearrangement  or 
modification  of  cellular  functions.  Viruses  and 
rickettsiae  survive  in  nature  outside  of  living  cells, 
but  they  are  inert  in  the  external  environment. 
From  this  circumstance  we  derive  the  term  "obli- 
gate" parasite.  That  is  to  say,  a  living,  susceptible 
host  cell  is  an  absolute  requirement  for  multiplica- 
tion of  the  parasite.  We  will  distinguish  between 
viruses,  rickettsfae,  and  related  microbes  in  greater 
detail  later  in  the  chapter.  At  this  point  it  is  suffi- 
cient to  recall  that  rickettsial  forms  are  primarily 
parasites  of  the  arthropods  (ticks,  mites,  lice) 
whereas  the  viruses  use  plants,  lower  animals,  hu- 
mans and  arthropods  as  hosts.  Even  bacteria  have 
their  virus  parasites — the  bacteriophages. 

13-14.  Awareness  of  the  existence  of  viruses 
came  late  in  the  19th  century.  Iwanowski's  studies 
in  1892  showed  that  infective  but  microscopically 


invisible  particles  were  passing  through  filters  that 
retained  bacterial  cells.  The  fact  that  these  filtera- 
ble agents  could  not  be  grown  by  conventional  cul- 
ture techniques  immediately  set  them  apart  from 
other  microorganisms.  For  30-odd  years  little 
more  was  learned  about  these  invisible  forms,  al- 
though the  refinement  of  laboratory  equipment 
and  animal  experiments  disclosed  something  of  the 
size  and  pathogenicity  of  the  particles.  Stanley's 
*  isolation  of  the  tobacco  mosaic  virus  in  crystalline 
form  in  1935  shed  first  light  on  the  chemistry  of 
the  intracellular  parasites.  Subsequently,  there 
were  three  developments  which  opened  the  way 
for  more  extensive  investigation.  First,  there  was 
the  discovery  in  the  1930's  that  viruses  and  rick- 
ettsiae will  reproduce  in  fertile  hen's  eggs.  The  sec- 
ond was  thC  development  in  1949  "of  cell  cultures 
(tissue  cultures)  in  which  the  growth  of  viruses 
can  be  detected  visually  and  their  numbers 
counted.  Lastly,  the  invention  of  the  electron  mi- 
croscope permitted  minute  virus  structures  to  be 
seen  for  the  first  time.  Today  we  recognize  the 
eight  major  grpups  of  viruses  previously  listed, 
,  with  more  than  300  immunological  types  within 
these  groups.  Clinicians  classify  viru£>and  rickett- 
sial infections  into  50  or  more  disease  syndromes. 
The  end  is  not  in  sight  because  new  disease  proc- 
esses and  hitherto  unknown  agents  are  being  re- 
ported regularly  from  around  the  world. 

13-15.  In  analyzing  gross  differences  between 
viruses  and  other  microbes  such  as  the  bacteria 
and  fungi,  several  unique  vims  characteristics 
emerge: 

•  Simple  chemical  makeup. 

•  Small  size. 

•  Absence 'of  enzymes. 

•  Multiplication  only  in  a  susceptible  cell. 

Viruses  consist  of  an  inner  core  of  nucleic  acid 
(either  ribonucleic  or  deoxyribonucleic  acid,  but 
never  both)  and  an  outer  coat  of  protein.  Certain 
viruses,  in  addition,  display  a  membrane,  or  en- 
velope, surrounding  the  protein  coat.  But  com- 
pared to  the  structurally  and  physiologically  com- 
plex bacteria  and  other  single-celled  organisms,  the 
viruses  have  a  relatively  simple  chemical  composi- 
tion. '  • 

13-16.  In  table  33  we  find  t^iat  viruses  range  in 
size  from  particles  small^:4h^.  some  of  tfie  large 
protein  molecules  (e^.fthe^|oli6  virus)  to  bodies 
exceeding  the  dimensions  of  the  smallest  bacteria 
[about  150  to  300  millimicrons  (m/z)].  In  terms 
of  mass,  a  large  pox  virus — say  smallpox — is  on 
the  order  of  1,000  times  greater  than  the  ex- 
tremely small  polio  virus.  This  range  is  actually  no 
more  startling  than  the  disparity  in  size  found  be- 
tween more  familiar  forms  such  as  the  dog  and  the 
elephant.  In  general,  however,  the  viruses  are 
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Table  33 

Comparative  Size  of  Representative  Microorganisms 


Microorganism 

Nature 


Dimensions 
(millimicrons) 

Escherichia  coli 

bacterium 

500  X  2000 

Rickettsia  burneti 

Q  fever  rickettsia 

250  X  1000 

Psittacosis  agent 

Bedsonia  group* 

350  X  500 

Vaccinia  virus 

virus 

250  X  300 

Herpesvirus 

virus 

150 

Influenza  agent 

virus 

100' 

Adenovirus 

virus  *■ 

70 

Polio  virus 

virus 

30 

smaller  than  other  microbes  with  which  you,  are 
familiar. 

13-17.  Unlike  the  chemically  more  complex 
rickettsiae  and  Bedsoniae  (psittacosis-lympho 
grahuloma  venereum  group),  die  viruses  have1  no 
enzymes.  They  depend  upon  the  host  cell  to  manu- 
facture all  of  the  ingredients  needed  for  energy 
metabolism,  replication  of  nuclear  elements  and 
production  of  the  protein  coat.  We  have  already 
noted  that  viruses  are  inert  outside  the  boundaries 
of  a  living  cell  and  that  they  must  infect  a  suscepti- 
ble host  cell  in  order  for  the  aforementioned  proc- 
esses to  take  place. 

13-18.  In  contrast  to  the  viruses,  the  rickettsiae 
and  Bedsoniae  organisms  represented  in  table  33 
are  large  enough  to  be  faintly  visible  in  the  ordi- 
nary light  microscope  as  pleomorphic,  coccobacil- 
lary  forms.  Considered  to  lie  phylogenetically  at 
some  intermediate  level  between  viruses  and  bac- 
teria, they  nevertheless  require  an  intracellular 
environment  for  growth.  Both  RNA  and  DNA  com- 
ponents are  present,  as  are  enzyme  systems  essen- 
tial in  energy-yielding  reactions.  As  in  the  case  of 
the  true  bacteria,  these  species  reproduce  by  bi- 
nary fission.  The  intracellular  phase  of  the  rickett- 
sial and  Bedsonia  groups  is  poorly  understood. 
Therefore,  our  description  in  the  following  pages 
of  replication  within  the  host  cell  will  be  limited  to 
typical  viruses  whose  life  cycle  has  been  more 
clearly  defined.  First  however,  we  must  study  the 
structure  of  viruses  a^a  basis  for  understanding 
how  they  reproduce. 

.  13-19.  Virus  Structure  and  Life  Cycle.  Viruses 
can  be  said  to  have  two  stages  in  their  life  cycle: 
the  intracellular  phase  of  reproduction  and  the  ex- 
tracellular stage  in  which  the  virus  exists  inertly  in 
the  external  environment.  It  is  difficult  to  follow 
the  morphological  changes  in  a  virus  after  the  host 
cell  has  been  penetrated,  even  with  the  most 
powerful  electron  microscope.  Hence,  most  of  our 
,  knowledge  of  structure  is  based  on  studies  of  the 
extracellular  virion,  the  mature,  infectious  unit 


often  referred  to  as  the  "elementary  body,"  or  sim- 
ply as  the  "virus  particle." 

13-20.  Like  the  bacteria  we  have  studied,  vi- 
ruses differ  somewhat  in  form,  depending  upon 
conditions  of  growth.  But  there  is  one  basic  design 
for  all  viruses — a  protein  shell  or  coat  and  its  en- 
closed core  of  nucleic  acid.  The  simplest  forms  of 
the  virion  structure  are  shown  in  figure  46.  Notice 
that  the  protein  coat,  known  as  the  capsid,  exists 
in  one  of  two  forms:  cubic  or  helical.  Whether  the 
form  is  cubic  or  helical  is  dictated  by  the  arrange- 
ment of  the  protein  molecules  that  make  up  the 
capsid.  So  all  viruses  are  said  to  have  only  one 
kind  of  symmetry,  either  cubic  or  helical. 

13-21.  The  cubic  capsid  is  usually  shown  under 
electron  microscopy  to  be  a  spherical  single  layer 
of  protein  composed  of  smaller  morphological 
units,  the  capsomeres.  The  capsomeres,  in  turn, 
consist  of  groups  or  "bundles"  of  structural  units. 
There  is  evidence  that  these  structural  units,  which 
are  chemical  molecules  too  small  to  be  seen,  may 
comprise  a  single  polypeptide  chain  or  an  aggre- 
gate of  them.-  Helical  capsids  generally  do  not 
show  capsomeres,  as  we  note  in  figure  46.  Their 
invisible  structural  units  are  not  arranged  into 
groups  corresponding  to  the  capsomeres  of  tl*e 
cubic  capsids. 

13-22.  The  expression  "cubic"  comes  from  the 
arrangement  of  the  protein  molecules  of  the  capsid 
into  a  polyhedron  (a  solid  figure  with  several 
plane  surfaces).  In  many  cubic  viruses,  the  capsid 
is  an  icosahedron  (20-sided  figure)  inside  which 
the  nucleic  acid  is  coiled,  as  we  "have  demon- 
strated. The  term  "helical"  indicates  that  protein 
molecules  of  the  capsid  are  arranged  in  spiral 
form,  with  the  inclosed  nucleic  acid  core  also  sta- 
bilized in  a  spiral  configuration.  Viruses  with  heli- 
cal symmetry  are  usually  rod-shaped. 

13-23.  The  virions  we  have  just  described  rep- 
resent the  simplest  forms  of  virus  structure.  Cer- 
tain groups  of  viruses  regularly  display  an  "enve- 
lope" of  lipoprotein  surrounding  the  capsid.  This 
envelope  is  believed  to  be  built  around  the  capsid. 
as  a  mature  virus  particle  passes  through  the  host's 
cell  membrane  on  its  way  to  the  outside  environ- 
ment. There  are  indications  that  some  of  the  larger 
human  viruses  possess  other  well-differentiated  an- 
atomical structures,  but  these  structures  have  not 
been  fully  characterized  as  to  composition  or  func- 
tion. 

13-24.  We  can  ascribe  certain  functions  to  the 
viral  capsid  and  its  inner  core,  but  the  role  of  the 
lipoprotein  envelope,  in  those  viruses  that  possess 
it,  is  still  not  clear.  The  capsid  stabilizes  the  nu- 
cleic acid,  presumably  keeping  this  nuclear  sub- 
stance inert  in  the  virion  until  a  host  cell  is  invaded. 
The  capsid  protects  the  core  from  destruction  out- 
side the  host  cell  and  probably  also  assists  in  the 
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Figure  46.  Cubic  and  helical  verion  structure. 


attachment  of  the  virion  to  the  host's  cell  at  the 
time;  of  invasion.  The  viral  protein  is  antigenic, 
i.e.,  stimulates  the  formation  <jf  immune  sub- 
stances (antibodies)  in  the  host,  and  accounts  for 
the  [immunological  specificity  of  the  virus  types 
within  the  major  taxonomic  groups.  The  nucleic 
acid  core  carries  the  genetic  coding  information 


\ 


for  virus  replication;  thust  the  core  corresponds  to 
the  genes  in  higher  forms  of  life.  We  can  look 
upon  the  mature  virus  particle  (virion)  as  a  vehi- 
cle for  transporting  infective  nucleic  acid,  the  virus 
core,  between  cells.  Nucleic  acids  are  long-chain 
polymers  (multiples)  of  nucleotides.  A  nucleotide 
consists  of  either  a  purine  or  pyrimidine  base 
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linked  to  a  5-carbon  sugar  (a  pentose)  which,  in 
turn,  is  linked  to  a  molecule  of  phosphoric  acid  in 
the  configuration  we  find  in  figure  47. 

13-25.  The  life  cycle  of  a  typical  virus  can  be 
broadly  separated  into  the  following  phases: 

•  Virus  enters  a  cell. 

•  Host  cell  synthesizes  new  virus  components. 

•  Components  are  assembled  into  virus  parti- 
cles. 

•  Mature  virus  is  released  by  the  cell. 

The  virion  attaches  to  and  penetrates  the  cell  (or 
is  phagocytosed  in  some  cases).  At  this  point,  the 
nucleic  acid  core  separates  from  the  protective 
capsid.  The  viral  nucleic  acid,  acting  as  a  tern? 
plate,  or  model,  for  its  own  multiplification,  con- 
trols the  synthesis  by  the  host  cell  of  new  virus 
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protein — both  for  necessary  enzymes  and  for 
structural  elements*  Protein  components  and 
newly  manufactured  nucleic  acid  are  than  assem- 
bled into  complete,  infectious  virus  particles  by  the 
host  cell  according  to  the  genetic  code  contained 
in  the  invading  nucleic  acid  core.  Mature  virions 
are  usually  released  by  the  host  cell  to  complete 
the  life  cycle,  but  there  are  exceptions  which  will 
become  apparent  shortly. 

13-26.  The  response  of  a  host  cell  to  virus 
infection  can  take  three  forms: 

•  Degeneration  of  the  c^JL 

•  Tumor  formation. 

•  Steady  state  infection. 

Degeneration  can  occur  in  either  structure  or  func- 
tion, ranging  from  complbte  lysis  of  the  cell  to  less 
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Figure  47B.    Molecule  of  phosphoric  Acid — nucleotide  components. 


"  pronounced  cytopathic  effects  apparent  only  by 
measuring  changes  in  physiological  reactions.  In 
either  event,  the  effect  is  "cytocidal,"  i.e.,  it  causes 
death  of  the  cell.  Transformation  of  a  normal  cell 
to  the  neoplastic  state  occurs  in  certain  virus  infec- 
tions of  the  Papovavirus  group.  Papillomas,  of  cat- 
tle and  other  animals,  as  well  as  human  warts,  il- 
lustrate this  tumot-forming  effect.  In  steady  state 
infections,  the  host's  cellular  processes  continue 
without  serious  disruption.  The  cells  multiply  and 
produce  additional  viruses  through  successive  gen- 
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Figure  47C    Molecule  of  phosphoric  acid — 
nucleotide  chain  formation. 


erations.  It  has  been  surmized  that  the  viral 
nucleic  acid  may  be  able  to  synchronize*  its  replica- 
tion with  the  host  cell's  cycle  of  division  and  con- 
tinue the  steady  state  existence  indefinitely.  Evi- 
dence from  research  on  bacteriophages  suggests 
that  the  viral  element  may  shift  at  any  time  from 
cytopathic  to  steady  state  and  vice  versa.  The 
terms  "latent  infection"  and  "carrier  state"  have 
sometimes  been  applied  to  persistent  steady  state 
infections. 

14.  Ihm  Major  Groups  .of  Pathogens 

14-1.  In  this  section  we  will  cover  some  of  the 
prominent  features  of  each  of  the  eight  major 
virus  groups  and  note  certain  of  the  pathological 
states  that  these  viruses  bring  about.  The  rickett- 
siae  and  related  forms  will  be  treated  similarly. 

14-2.  The  RNA  Viruses.  There  are  four  groups 
of  viruses  that  contain  ribonucleic  acid  (RNA), 
but  not  deoxyribonucleic  acid  (DNA)  in  their  nu- 
cleic acid  core.  These  groups,  listed  in  table  34, 
are  the  Picorna  viruses,  the  Reoviruses,  the  Ar- 
boviruses, and  the  Myxovirusw.  Note  that  group 
distinctions  can  be  made  in  mo£t  instances  on  the 
basis  of  inactivation  by  ether,  symmetry  of  the 
capsid,  and  presence  or  absence  of  an  envelope. 

14-3.  Picornaviruses.  The  name  "Picorna vi- 
ruses" implies  extremely  small  size  (pica-very 
small)  and  the  presence  of  RNA.  For  the  most 
part,  the$£  viruses  range  in  size  from  IS  to  30  m/x; 
their  resistance  to  inactivation  by  ether  indicates 
the  absence  of  a  lipoprotein  envelope;  and  they 
are  protected  from  heat  deactivation  by  positively 
charged  ions  (cations).  We  can  subdivide  this 
group  into  the  following  major  categories:9 

I.  Human  Picornaviruses 

a.  Enteroviruses 

i.  Polioviruses 

ii.  Coxsackie  viruses 

Hi.  Echoviruses  9 

b.  Rhinoviruses 

c.  Unclassified  viruses 

II  Picornaviruses  of  lower  animals 

14-4.  The  Enteroviruses  inhabit  the  human  ali- 
mentary tract  and  give  rise  to  infections  ranging 
from  nonspecific  febrile^&nesses  to  meningitis  and 
paralytic  diseases,  as  indicated  in  table  35.  They 
can  be  recovered  from  throat  washings  and  stool 
specimens,  occasionally  from  blood,  and  rarely 
from  urine  and  spinal  fluid.  The  Rhinoviruses  are 
found  in  nose  and  throat  secretions,  where  they 
are  reportedly  associated  with  one-fourth  to  one- 
third  of  all  acute  upper  respiratory  infections  in 
adults.  These  are  the  viruses  most  often  responsi- 
ble for  the  common  cold. 

'This  grouping  conforms  to  the  classification  scheme  presented 
by  Harsfall  on  page  U  of  Viral  and  Rickettsial  Infections  A  Man 
listed  in  the  bibliography. 
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Table  34 
Characteristics  op  Major  Virus  Grouw 


Type  Nucleic  Acid 
DNA  RNA 

Ether  Sensitive 

Symmetry 

Envelope 

Picorna  viruses 

+ 

cubic 

Reoviruses 

+ 

cubic 

Arboviruses 

+ 

+ 

cubic 

+ 

auv  x  ruse  s 

+ 

+ 

helical 

Papova  virus 

+ 

cubic 

Adenoviruses 

+ 

cubic 

Herpesviruses 

+ 

+ 

cubic 

+ 

Poxviruses 

+ 

helical 

+ 

 ^ — 

14-5.  The  human  Picornjfcviruses  also  include 
members  whose  exact  relationship  to  the  Enterovi- 
ruses and  Rhinoviruses  has  not  been  fully  estab- 
lished. These  unclassified  viruses  have  antigens  in 
the  protein  coat  (capsid)  that  are  serologically 
identical  to  one  or  more  antigens  in  other  Picorna- 
viruses, but  otherwise  little  is  known  of  their  na- 
ture. 

14-6.  The  Picornaviruses  of  lower  animals  in- 
clude assorted  Enteroviruses  and  Rhinoviruses 
whose  existence  was  detected  only  after  tissue  cul- 
ture techniques  were  developed.  Additionally, 
some  authorities  place  in  this  group  the  long-rec- 
ognized, foot-and-mouth  disease  of  cloven-hoofed 
animals  and  the  Teschen  disease  virus  of  swine. 

14-7.  Reoviruses.  This  second  major  group  of 
the  RNA  vin^J**  comprises  three  immunologic 
types  whose  kinship  is  shown  by  size,  similar  cyto- 
pathic  effects  in  tissue  culture,  and  a  common  an- 
tigen detectable  by  complement-fixation.  TablfeJ4 
reveals  their  similarity  to  the  Picornaviruses.  The 
term  "reo"  relates  to  the  association  of  these  vi- 
ruses with  illnesses  of  both  the  respiratory  and  en- 
teric tracts.  At  this  point,  however,  their  impor- 
tance as  causativejagents  of  disease  is  obscure.  The 
Reoviruses  can  be  isolated  from  feces  and  nose 
and  throat  secretions,  but  not  from  blood  or  urine. 

14-8.  Arboviruses.  The  third  RNA  group  is 
composed  of  arthropod-borne  viruses  (hence  the 
contraction  Arboviruses)  which  multiply  in  man 
as  well  as  in  their  primary  blood-sucking  hosts. 
About  150  antigenically  related  viruses  (21  sepa- 
rate antigenic  groups)  are  known,  along  with  an- 
other 50  which  lack  the  common  antigen.  Scrutiny 
of  table  35  indicates  that  we  usually  speak T^axo-  . 
nomically  of  the  three  subgroups:  A,  B,  andlc. 
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Group  A  viruses,  represented  by  the  equine  en- 
ccphalitidcs,  are  transmitted  only  by  mosquitoes. 
Group  B  diseases,  such  as  yellow  fever,  dengue, 
and  tick-borne  encephalitis,  are  carried  by  mos- 
quitoes and  ticks,  respectively.  Group  C  viruses, 
few  of  which  cause  human  infections,  are  parasites 
of  mosquitoes,  ticks,  mites,  the  sandfly,  and  other 
species  of  biting  flies.  Among  the  ungroupcd  ar- 
bovirus diseases  (not  in  A,  B,  C),  wc  lind  less 
familiar  names,  such  as  Colorado  Tick  Fever,  the 
hemorrhagic  fevers  of  various  Asia  countries, 
Rift  Valley  Fever  contracted  by  man  from  sheep, 
cows,  and  goats. 

14-9.  The  diversity  of  morphological  types  in 
the  Arbovirus  group  lends  uncertainty  to  the  ques- 
tion, of  the  configuration  of  the  capsid  (cubic  or 
helical)  and  the  presence  of  an  envelope  in  all 
cases,  as  found  in  table  34.  In  many  instances  the 
pathology  of  these  diseases,  has  not  been  well-de- 
fined. A  viremia  (viruses  in  the  blood  stream)  is 
apparently  essential  to  natural  transmission  by 
blood  feeding  arthropods,  but  secondary  infections 
can  arise  from  contact,  as  in  the  case  of  Rift  Val- 
ley Fever  of  domestic  animals. 

14-10.  Myxoyiruses.  The  fourth  major  category 
of  RNA  viruses  is  the  Myxoviruses,  whose  name 
denotes  affinity  for  mucous  membrane  cells.  These 
organisms  fall  into  the  two  subgroups  seen  in  table 
35.  Subgroup  I  contains  the  human  influenza  vi- 
ruses as  well  as  respiratory  viruses  of  domestic  an- 
imals, e.g.,  swine  influenza,  and  fowl  plague. 
Subgroup  II  holds  the  parainfluenza  organisms, 
the  mumps  and  measles  viruses,  and  those  agents 
causing  the  animal  diseases,  rinderpest,  distemper, 
and  Newcastle  disease  of  fowl. 


14-11.  The  Myxoviruses  are  chemically  and 
structurally  more  complex  than  the  other  RN  A  vi- 
ruses since  they  are  thought  to  contain  lipid  and 
carbohydrates  in  addition  to  protein  and  RNA. 
The  envelope  reveals  microscopically  a  pattern  or 
radially  oriented  surface  projections  ( spikes ) 
whose  function  is  so  far  unknown. 


14-12.  The  DNA  Viruses.  The  viruses  whose 
nucleic  acids  are  made  up  of  DNA  can  be  subdi- 
vided into  the  four  major  groups  shown  in  the 
lower  half  of  table  34.  The  first  of  these,  the  Papo- 
m»w  grwipt  gains  name  tnvto  4  ftMtpKn? 
the  first  two  letters  of  three  viral  entities:  Papil- 
loma vin\s  of  man  and  rabbits,  folyoma  virus  of 


Table  35 
Diseases  caused  by  Viruses 


Virus  Group  Diseases  Produced 


Picornaviruses 

Enteroviruses 

Poliomyelitis,  aseptic  meningitis, 
upper  respiratory  iih^cliuio  , 
gastroenteritis . 

Rhinoviruses 

Contmon  cold  and  upper  respiratory 
infections . 

1111  y  V    )m  ±.  \J  H  »J  • 

Reoviruses 

Associated  with  poorly  defined 
infectiqns  of  the  respiratory 
and  alinfentary  tracts. 

Arboviruses 

• 

! 

!        ,~s  ■ 

Group  A 

Pactprn     Western  Venezuelan 
encephalitis . 

Vj  1  \J  Li  LJ  JJ 

*  Yellow  fever,  dengue  fever, 
"tick-borne  encepftalitides . 

uroup-  Li 

Sandfly  fever.  % 

—  • 

Myxoviruses  , 

Subgroup  I 

Influenza. 

Subgroup  II 

* 

Mumps ,  measles ,  distemper , 
rinderpes  t • 
 \  :  

Papovaviruses 

Papillomas   (warts) "of  man  and 
ai^imaxs . 

Adenoviruses 

Upper  respiratory  infections, 
gastroenteritis,  conjunctivitis. 

Herpes  viruses 

Fever  blisters,  chicken  pox, 
Monkey  B  virus. 

Poxviruses 

Smallpox,  vaccinia,  cowpox, 
molluscum  contagiosum. 
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mice  and  vacuolating  agent  of  monkeys.  Viruses  of 
this  group  are  of  great  research  interest  because  of 
their  tendency  to  cause  tumors  in  a  wide  variety  of 
animals.  Fortunately,  only  the  papilloma  virus  that 
induces  warts  is  known  in  humans.  The  character- 
istics of  the  Papovaviruses  relative  to  other  DNA 
virions  are  compared  in  the  aforementioned  table. 
Properites  in  addition  to  those  shown  must  be  used* 
in  differentiating  the  Papova  and  Adenoviruses. 

14-13.  The  second  group,  the  Adenoviruses,  is 
composed  of  45  or  more  serologically  distinct 
types,  which  nevertheless  possess  an  antigen 
shared  by  all  members  of  the  group.  About  30  im- 
munologic types  have  been  isolated  from  humans 
and  the  remainder  from  lower  animals.  Three  dis- 
ease states  are  caused  by  the  Adenoviruses:  ah 
acute  respiratory  infection,  associated  mainly  with 
military  recruits  (virus  types  4  and  7) ;  a  pharyngi- 
tis, caused  by  type  3;  and  conjunctival  infections, 
caused  by  types  3  and  8.  These  viruses  can  be  iso- 
lated from  pharyngeal  or  ocular  secretions  and 
from  stool  specimens. 

14-14.  The  Herpesviruses,  the  third  major 
grouping  of  DNA  viruses,  are  also  described  in 
table  34.  Ether  sensitivity  in  this  case  is  unique 
among  the  DNA  viruses.  Most  of  us  are  familiar 
with  herpes  simplex,  the  lesions  commonly  re- 
ferred to  as  "fever  blisters"  or  "cold  sores."  Some 
others  of  the  group  are  much  more  dangerous  to 
human  health.  For  instance,  Herpesvirus  simiae 
(B  virus  of  monkeys)  is  said  to  be  fatal  in  a  high 
proportion  of  the  cases  in  which  the  infection  is 
transmitted  to  man  by  monkey  bite. 

14-15.  Herpesvirus  hominis  infection  can  be 
manifested  not  only  in  the  frequently  encountered 
fever  blister  vesicle,  but  in  disseminated  disease  of 
major  body  organs,  including  the  eye,  liver,  brain 
and  lungs  in  certain  susceptible  persons.  Recent 
studies  suggest  that  another  virus  of  this  group,  the 
Herpes  Zoster  agent  which  causes  a  vesicular 
eruption  on  the  skin,  also  causes  Varicella,  the 
childhood  disease  we  remember  as  chickenpox. 

14-16.  The  Poxvirus  group  of  DNA  viruses 
contains  the  largest  and  structurally  most  complex 
of  all  the  viridns.  They  approach  in  size  (200  to 
330  m/x)  the  Psittacosis-Lymphogranuloma  vener- 
eum-Trachoma  organisms  (Bedsoniae  and  related 
forms)  and  the  smaller  bacteria.  Note  in  tabW  34 
that  poxviruses,  alone,  among  the  DNA  groups 
have  a  helical  capsid.  Some  of  the  Poxviruses  are 
listed  in  table  35,  in  terms  of  the  diseases  they 
produce.  The  smallpox  virus  (variola)  is  perhaps 
the  one  most  familiar  to  us  from  the  standpoint  of 
its  historical  role  as  a  killer  of  millions  of  people 
before  the  principle  of  vaccination  was  discovered. 

14-17.  The  Poxviruses  infect  a  number  of 
lower  animals  as  well  as  man.  The  word  "pox"  is 
derived  from  the  typical  lesions  which  these  agents 
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Table  36 

Classification  op  Rickettsiae  According  to  Disease 
I.  Typhut  Group 

A.  Epidemic  typhus  (louse-boroo  , 

B.  BriU-Zinsser  disease  (recurring  typhus) 

C.  Murine  typhus  (flea-borne) 
H.   Spotted  fevera 

rt  HI.   Scrub  typhus  (Tsutsugamushi  fever) 
IV.   Q  fever 

produce  on  the  skin  and  mucous  membranes.  In 
this  regard,  the  viruses  can  be  isolated  from  vesi- 
cles and  postules,  or  from  mucous  secretion  and 
saliva.  Most  of  our  knowledge  about  the  Poxvi- 
ruses comes  from  studies  ^on  the  vaccinia  virus>^~ 
This  is  a  laboratory  strain  obtained  originally  from 
a  cowpox  infection  and  cultured  for  many  years  in 
laboratory  animals  to  provide  vaccine  for  smallpox 
immunization.  Because  of  immunologic  similarities 
among  the  Poxviruses,  inoculation  with  the  'Vacci- 
nia" strain  confers  protection  against  the  smallpox 
virus.  » 

14-18.  The  vaccinia  virus  is  morphologically 
more  elaborate  than  the  simple  viruses  that  have 
only  an  undifferentiated  nucleic  acid  core  pro- 
tected by  a  protein  capsid.  Electron  micrographs 
of  thin  sections  of  the  virion  suggest  the  presence 
within  the  core  of  a  rectangular,  biconcave  disk 
containing  triple  strands  of  DNA.  Two  electron- 
dense  masses  lie  adjacent  to  the  disk.  The  concave 
disk  as  well  as  the  double-layered  virus  membrane 
have  well-defined  ridges  and  spiculelike  projec- 
tions'whose  function  is  still  unknown. 

14-19.  The  Rickettsiae.  We  noted  in  an  earlier 
discussion  of  taxonomic  relationships  that  the  rick- 
ettsia^fSH  somewhere  between  the  viruses  and  the 
bacteria.  Four  distinct  disease  groups  are  recog- 
nised, as  shown  in  table  36.  The  basis  for  the  dis- 
iction  lies  in  (1)  the  clinical  features  of  the 
'ections  produced,  (2)  epidemiological  consider- 
bns  (the  rickettsiae  are  transmitted  by  arthro- 
pods X  and  (3)  immunological  properties  such  as 
the  possession  of  a  common  group  antigen. 

14-20.  The  intracellular  parasites  of  these  four 
groups  are  coccoid,  rod-shaped  organisms  about 
0.3/x  (microns)  in  diameter.  They  contain  both 
DNA  and  RNA,  unlike  the  true  viruses  which  pos- 
sess only  one  or  the  other.  Table  37  lists  some  of 
the  better-known  rickettsial  diseases,  the  causative 
agents,  and  their  natural  vectors. 

14-21.  The  epidemic  form  of  typhus  is  carried 
from  man  to  man  by  the  body  louse,  as  is  trench 
fever,  a  disease  prominent  in  the  World  War  of 
1914-191 8.  The  recurring  form  of  typhus,  Brill- 
Zinsser  disease,  sometimes  occurs  several  years 
after  infection  with  R.  prowazeki  and  does  not  in- 
volve a  second  contact  with  the  vector.  Flea-borne 
typhus  is  a  natural  disease  of  rats  arid  mice.  R. 


527 


mooseri  infects  man  by  way  of  the  rat  flea.  The 
agents  of  the  typhus  fevers  are  recoverable  from 
the  blood  of  a  patient  and  sometimes  from  bone 
marrow  specimens. 

14-22.  The  tick-borne  rickettsioses  include 
Rocky  Mountain  spotted  fever,  first  recognized  in 
the  U.S.,  and  several  diseases  more  or  less  re- 
stricted to  the  Eastern  Hemisphere.  For  example, 
boutonneuse  fever  is  found  in  Africa  and  parts  of 
India  and  Europe.  Russia  and  Mongolia  play  host 
to  North  Asian  tick-borne  typhus,  while  Queens- 
land tick  typhus  occurs  in  Australia.  Rickettsial 
pox  of  the  U.S.  and  Russia  and  Scrub  typhus  of 
the  Asian  countries  are  transmitted  to  man  by 
mites  parasitic  on  certain  lower  animals.  Q-fever, 
originally  isolated  in  Australia,  is  unique  among 
the  rickettsial  diseases  in  that  it  is  transmitted  in 
nature  by  ticks,  lice,  mites,  and  parasitic  flies.  The 
infection  occurs  in  a  wide  variety  of  domestic  ani- 
mals and  birds.  Man  ordinarily  contracts  the  ill- 
ness through  contact  with  meat  and  dairy  animals 
or  their  excreta.  The  agent  can  be  isolated  from 
blood,  sputum,  urine  and  in  some  cases,  spinal 
fluid. 

14-23.  The  Bedsoniae  and  Related  Forms. 

Taxonomists  are  still  undecided  on  the  proper 
classification  of  the  microorganisms  ref ered  to 
usually  as  the  Psittacosis-Lymphogranuloma  ve- 


nereum-Trachoma  (PLT)  group.  Currently,  the 
first  two  agents  are  classed  together  as  "Bedson- 
iae." The  trachoma  agent  is  considered  by  many 
authorities  to  deserve  separate  classification,  to- 
gether with  a  similar  form,  the  agent  of  inclusion 
conjunctivitis.  v  . 

14-24.  The  PLT  members  all  have  certain 
characteristics  that  set  them  apart  from  the*  vi- 
msesr^ckettsiae  and  bacteria.  Morphologically, 
the  PLT  agents  bear  a  close  resemblarice  to  each 
other.  The  organisms  multiply  in  the  cytoplasm  of 
a  host  cell,  where  elementary  bodies  0.2  to  03 fi 

size  are  found.  Binary  fission  appears  to  be  the 
mode  of  reproduction.  Members  of  the  PLT  group 
are  also  related  by  possession  of  a  common  group 
antigen.  Both  RNA  and  DNA  are  present  in  the 
nuclear  element  All  are  susceptible  to  chemother- 
apeutic  drugs,  unlike  the  viruses. 

14-25.  The  form  of  the  disease  produced  by 
these  PLT  organisms  differs  remarkably,  however. 
The  psittacosis  agent  can  infect  man  and  other  an- 
imals, but  outbreaks  of  disease  are  usually  asso- 
ciated with  b|rds.  The  psittacine  birds  (parrots, 
parakeets)  provide  a  reservoir  in  nature.  Pigeons, 
ducks,  chickens,  and  turkeys  fall  victim  to  the 
infection  and  man  contracts  the  disease  via  the  re- 
spiratory route  in  dressjuig  poultry,  or  by  inhaling 
the  agent  in  d)jsKcomaminated  with  droppings. 


Table  37 
Representative  Rickettsiae  Infections 


Disease  *  ^ 

Causative  Agent 

Vector 

Epidemic  typhus 

Rickettsia  prowazeki 

Louse 

Brill-Zinsser  disease 

R. 

prowazeki 

Murine  typhus 

R. 

1  . 

mooseri 

Rat  flea 

Trench  fever 

R. 

quintana 

Louse 

Ro^ty  Mountain  Spotted  Fever 

R. 

riakettsi 

Tick 

Ti^k-borne  typhus  fevers 

Boutonneuse  fever 

R. 

conori 

Tick 

North  Asia  tick-borne 
rickettsiosis 

R. 

siberiaa 

Tick 

Queensland  tick  typhus 

R. 

Australis 

Tick 

Rickettsial  Pox 

R. 

akari 

Mite 

Scrub  typhus 

R. 

•  ( 
R. 
( 

tsutsugamuski 

Mite 

Q  fever 

burneti 
Coxiella  burneti) 

Mite,  tick,  lice, 
biting  flies 

*1 
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Table  38 

Specimens  for  Isolation  of  Viruses  and  Related  Forms 


V 


Respiratory 

Influenza  virus 

Throat  washings  * 

*  • 

Adenovirus 

Throat  washings 

Rhinovirus 

Throat  washings 

Psittacosis  agent. 

Throat  washings,  sputum 

Central 
nervous 
system 

Encephalitis  viruses 
Herpes  virus 

Blood ,  brain 

Blood,  vesicle  fluid 

Mumps  virus 

Blood,  saliva 

Coxsackie  virus 

» 

Throat  washings,  stool, 
spinal  fluid 

Poliovirus 

Stool,  throat  washing 

Skin  lesions 

Small  pox  virus 

Vesicle  fluid,  scrapings, 
blood 

Measles 

Blood,  vesicle  fluid, 
sqrapings 

Typhus  rickettsia 

%  Blood 

• 

v  Q  fever  rickettsia 

Blood 

Venereal 

Lymphogranuloma- 
venereum  agent 

Pus,  bubo  fluid 

Enteric 

Enteroviruses 

Stool 

The  systemic  illness  is  usually  expressed  as  a 
pneumonialike  syndrome.  A  pneumonitis  also  oc- 
curs in  cattle  and  sheep  after  exposure  to  the  psit- 
tacosis agent 

14-26.  Lymphogranuloma  venereum  (also 
known  as  lymphogranuloma  inguinale  and  vener- 
eal bubo)  is  a  disease  manifested  by  lesions  of  the 
genital  organs.  The  agent  is  transmitted  through 
sexual  contact  and  can  be  isolated  from  pus  or 
fluids  taken  from  the  surface  lesion  or  bubo  (swol- 
len, infected  lymph  gland). 

14-27.  Trachoma  is  an  ancient  disease  recog- 
nized over  3500  years  ago  as  a  major  cause  of 
hUfttattei.  ttvo  4g$Rt  vjt  thb  dfawftfor  was  finally 
isolated  in  19S7.  Trachoma  and  inclusion  conjunc- 
tivitis organisms  are  groupelMogether  because 
both  invade  the  'epithelium  of  theSeyc.  Actually, 
the  inclusion  conjunctivitis  pathogen  causes  an 
infection  of  the  genitals.  The  eyes  of  new-born  in- 


fants  are  contaminated*  at  birth  to  set  up  an  inva- ' 
sion  of  the  conjunctiva.  ( 

15.  Methods  in  Virology 

15-1.  We  have  learne^Lwhat  viruses  are,  and 
how  their  parasitic  existence  affects  the  host  whifeh 
they  depend  upon  for  all  life  processes.  We  will 
now  consider  die  steps  necessary  to  pinpoint  the 
identity  of  a  virus  so  that  infection  within  the  host 
can  be  controlled  and  the  spread  of  the  virus  to 
other  susceptible  hosts  curtailed. 

15-2.  Collection  and  Shipment  of  Spednitm. 
The  method  for  collecting  and  storing  body  fluids* 
tissues,  and  other  ctinical  specimens  may  differ 
somewhat  from  one  hospital  to  another.  It  depends 
to  some  extent  upon  time  and  distance  factors  in 
transporting  specimens  to  a  virus  laboratory.  Nev- 
ertheless, if  we  are  attentive  to  certain  basic  con- 
siderations, the  probability  of  correct  diagnosis 
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will  be  strengthened  regardless  of  differences  in^ 
technique.  These  basic  considerations  are: 

•  The  proper  specimen. 

•  Collection  at  the  right  time. 
•^Preservation  during  storage  and  shipment. 

•  An  adequate  clinical  hbiury. 

15-3.  The  choice  of  a  specimen  is  important, 
espe^ally  in  trying  to  isolate  a  virus,  because  these 
infectious  organisms  are  often  localized  in  certain 
limited  areas  of  the  body  or  only  in  certain  organs. 
In  table  38  we  have  listed  representative  viruses 
and  the  specific,  or  in  some  cases,  multiple  speci- 
mens which  can  be  expected  to  yield  the  agent 
Timing  is  important,  too,  because  during  the 
cpurse  of  the  disease  the  infection  may  progress 


from  a  localized  to  a  generalized  state,  or  vice 
versa,  so  that  a  particular  tftsue  or  organ  system 
may  contain  viruses  at  one  point  in  time  and  not  at 
another. 

15-4.  With  respect  to  serum  specimens  for  im- 

usually  not  formed  in  the  early  phase  of  an  injec- 
tion, as  we  see  in  figure  48.  For  that  reason  we 
collect  paired  serum  samples — Uie  first  as  soon  as 
symptoms  appear,  the  second  2  or  3  weeks  later. 
If  virus  isolation  techniques  fail,  then  an  elevated 
antibody  titer  in  the  second  serum  may  indicate 
the  identity  of  the  causative  virus.  It  follows, 
therefore,  that  time  as  a  factor  in  specimen  collec- 
tion is  equally  applicable  to  virus  isolation  and  ser- 
ological procedures. 


COLLECT 
ACUTE  S/ERUM 


n — r 

i  i 
COLLECT 

SPECIMEN 


COLLECT 
CONVALESCENT  SERUM 
 —  1  " 


AfclTIBODY 
TITER 


0  1 


7  15 
DAYS  AFTER  ONSET 


Figure  48.   Time  factor  of  specimen  collection. 
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Request  for  viral  and  rickitUial  diagnostic  tcrvic* 
guested  by:  „  L_   „    UK  No.  _ 


(Location)    Date  Received 


Patient's  Name  _   Grade  [  AFSN 

Address  „  f 


Home  Base 


 ^ 

Age   Race  Sex  iF_  Specialty-,  

Vaccination  against  riral  or  rickettsial  agents  in  past: 

3  mos.  □  9  mos.  □  12  mos.  □  or  year:  19- 
Vaccine:    Influenza  □   Smallpox  □   Yellow  fever  □  Polio  □ 
Typhus  □  Spotted  Ferer  □  Other  


Date  of  onset  of  illness  _   Date  upecimen  »ent 

Specimen  and  date  collected:  Whole  blood  „  

Semmv  acute  ^   stool  ,  

convalescent  Throat  washing  

Spinal  fluid  .  


Tissue  (specific)  :  \  .  

Clinical  data:   Febrile  □    Afebrile  □     Rash:  Yes  □    No  □ 
Respiratory  tract  involvement:    Yes  □    No  □ 
Gastrointestinal  tract  involvement:    Yes  □    No  □ 
Menjy&itis:   Yes  Q     No  □     Paralysis:  Yes  □     No  □ 
Bulbar:   Yea  □     No  □     FaUl:  Jl  


Spinal  fluid  cell  count 


Contact:    Family  □     Community  □     Animal  or  birds  □    Unknown  □ 

Therapy,  if  any:  

Provisional  clinical  diagnosis:   

Tests  required:  _  _ 

Figure  49.   Typical  history  form. 


fir, 
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15-5.  Wc  will  mention  specific  tecjiniqugs  of 
specimen  preservation  a  little  later.  But  as  a  rule- 
oPthumb,  viruses  must  be  protected  from  drying 
(e.g.,  on  throat  swabs)  and  from  the  elevated  tem- 
peratures found  in  a  warm  laboratory,  protection 
against  drying  can  be  accomplished  by  adding  a-^ 
suitable  fluid.  Refrigerating  or  freezing  the  speci- 
men guards  against  lethal  temperature  affects.  As 
we  will  see,  there  are  also  chemical  additives 
which  tend  to  prolong  the  viability  of  viruses. 

15-6.  Refer  again  to  .our  aforementioned  basic 
considerations  in  collecting  specimens.  The  last  of 
these,  an  adequate  clinical  history,  is  just  as  im- 
pgrtant  as  proper  collection  and  protection  of  the 
vims.  The  diagnostic  laboratory  has  available  a 
number  of  biological  systems  for  isolating  infec- 
tious agents,  and  s^sral  serological  tests  can  be 
applied.  Some  of  thejfeprocedures  work  well  with 
one  group  of  viruses  out  less  effectively  with  mem- 
bers of  another  group.  The  age  ol  the  patient,  the 
clinical  findings,  the  date  of  onset  of  disease,  and 
related  information  furnished  by  the  physician  will 
aid  the  virus  laboratory  in  selecting  the  proper 
procedures,  'or  combination  of  test  systems,  to  ar- 
*  rive  at  the  correct  identification  of  ,the  causative 
agent.  Figure  49  shows  a  typical  history  form  to 
accompany  a  specimen. 
A       15-7.  There  are  individual  preferences  among 
virus  laboratory  directors  with  regard  to  the  type 
of  specimen  that  shtould  be  submitted  to  them  tot 
diagnosis.  Prefereifte  is  usually  dictated^ b]&th6 
kind  of  tests  that  a  given  laboratory  can  perform, 
i.e.,  the  capability  of  that  specif ic* installation.  Au- 
thorities in  the  field  suggest  that  the  following  con-  * 
stitutes  the  minimum  set  of  specimens  to  be  col- 
%  lected  from  a  patient  at  the  time  he  first  presents 
symptoms  suggestive  of  a  viral  infection. 

#  A  throat  swab  ^nasopharyngeal  washings. 

#  A  stool  specimen  or  rectal  swab. 

#  A  specimen  of  clotted  blood. 

In  day-to-day  practice,  however,  you  should  fol- 
low the  guidelines  for  specimen  collection,  preser- 
vation, and  shipment  published  by  the  laboratory 
which  provides  virus  diagnostic  services  to,  your 
hospital.  • 

15-8.  Collection  procedures.  Having  ^reviewed 
some  of  the  underlying  principles  in  collecting 
clinical  materials  for  virus  tests,  we  can  now  point 
out  precise  steps  to  take  with  each  type  of  speci- 
men and  the  reasons  for  these  steps.  Bloody  sam- 
ples obtained  by  venipuncture  (5  to  10  ml.)  are 
collected  asepticaily  within  3  days  of  onset  of 
symptoms  (the  earlier  the  better)  and  again  at  2 
to  3  weeks,  or  before  the  patient  J&aves  the  hospi- 
tal. Note  in  figure  48  that  the  "acute"  phase  sei^un 
may  not  show  antibodies,  whereas  the  "contfales- 
cent"  phase  specimen  can  be  expected  ^to  have  a 
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detectable  antibody  titer.  Don't  forget*  though, 
that  ajMpyious  exposure  to  *te  vires,  or  past  im- 
muniii^p  with  a  vaccine,  may  have  produced 
circulating  antibodies  which  will  be  apparent  serol- 
ogically in  the  acute  phase  serum, 

l£-9.  There  is  generally  no  set  "diagnostic 
titer"  of  antibody  to  viruses;  the  increasing-  anti- 
body level  revealed  by  the  convalescent  serum 
(usually  a  fourfold  increase  or  more«°in  liter  is 
meaningful)  is  the  diagnostically  significant  infor- 
mation derived  from  serological  testing.  If  no  ele- 
vation is  found  when  the  two  serum  specimens  are 
reacted  with  a  known  virus  antigen,  then  infection 
with  that  given  virus  is  ruled  out  In  practice,  .the 
sera  are  screened  against  a  battery  of  several  of 
the  more  common  viruses,  the  composition  of ,  the 
antigen  battery  being  determined  by  the  patient's 
clinical  record  *  ^ 

15-10.  Be  sure  to  separate  the  serum  and  the 
clot,  promptly  and  asepticaily  and  place  them 
under  refrigeration,  as  we  show  in  figure  50.  Con- 
taminate of  the  specimen  with  fungus  or  bac-  • 
terial  growth  can  cause  a  breakdown  of  the  serum 
components.  The  clot  and  a  portion  of  the  serum 
from  the  acute  phase  can  be  submitted  at  once  for 
virus  isolation.  The  remaining  acute-phase  serum 
should  be  stored  frozen  until  the  convalescent 
serum  is  obtained.  Then  the  two  are  forwarded  to- 
gether to  tbartttus  laboratory  for  serological  analy- 
sis. Ordinary  refrigerator  temperature  (4?  C.)  will 
preserve  most  viruses  for  several  days,  but  for  pro- 
longed storage  use  the  laboratory  freezer,  or  the 
ice-cube  compartment  of  the  refrigerator  if^o. 
freezer  is  available.  In  either  event,  avoid  repeated  . 
freezing  and  thawing  of  the  specimen  because 
some  ^viruses  are  inactivated,  by  this  treatment. 

15-11.  Stool  specimens  for  virus  isolation  may^ 
be  collected  as  late  as  5  to  7  days  after  symptoms  ° 
occur.  Since  virus  particles  are  usually  present 
only  in  small  numbers,  5  to  10  grams  of  feces 
should  be  collected  from  the  bedpan  or  other  re- 
ceptacle. A  rectal  swab  can  be  substituted  for  the 
formed  stool,  but  virus  isolation  is  apt  to  be  less 
successful  because  of  the  scarcity  of  the  virus  in  - 
feces.  The  moistened  swab  should  come  in  £oritact  • 
with  fecal  material,  as  indicated  by  staining.  Store 
the  swab  in  a  tube  containing  1  to  2  ml.  of  a  ster- 
ile, balanced  salt  solution  with  a  stabilizer  such  as 
0.5  percent  gelatin  or  bovine  albumin.  Nutrient 
broth,  brain-heart-infusion  broth  and  similar  liq- 
uid bacterial  culture  media  are  also  sometimes 
used  as  fluid  carriers  for  swabs. 

15-12.  Throat  washings  are  preferred  to  swabs, 
of  the  nasopharyngeal  region  for  isolating  respira-^ 
tory  viruses.  The  patient  is  asked  to  cough  2  or  3 
times;  then  he  gargles  about  15  ml.  of  buffered 
salt  solution,  nutrient  broth,  or  similar  harmless 
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POUR  OFF 
SMALL  PORTION 


WHOLE  BLOOD 


1 


FREEZE  SMALL 
PORTION 


\ 

V  SERUMS 


ALLOW  TO  CLOT 


CENTRIFUGE 


1 


POUR  OFF  SERUM  ' 
Fifeurc  50.   Aseptical  handling  of  serum  and  clot. 


FREEZE 


fluid,  and  expectorates  into  a  paper  cup,  as  dem- 
onstrated in  figure  51.  He  is  asked  to  regargle  the 
washings,  after  which  the  expectorated  fluid  is 
stored  in  a  screw-capped  sputum  jar  under  refrig- 
eration. Swabsypf  the  nose  and  throat  (infants  and 
comatose  patients)  are  stored  in  screw-capped 
tubes  holding  1  to  2  ml.  of  one  of  the  same  fluids 
specified  above  for  rectal  swabs.  This  procedure 
for  preserving  viruses  obtained  by  swabbing  is 
generally  applicable  to  other  areas  as  well,  i.e., 
conjunctivae,  skin  lesions. 

15-13.  Miscellaneous  body  fluids  such  as  urine, 
cerebrospinal  fluid,  and  pleural  and  pericardial  in- 
fusions obtained  aseptically  by  the  physician  are 
submitted  in  sterile  tubes  or  jars.  Several  ml.  of 
each  fluid  is  needed  for  virus  isolation  attempts, 
and  10  to  50  ml.  of  urine  is  required.  Tissue  speci- 
mens collected  aseptically  at  autopsy  are  handled 
similarly.  These  may  include  portions  of  lung, 
brain,  heart  muscle,  liver,  spleen,  or  kidney, 
adlpng  other  possibilities. 

15-14.  Techniques -of  preservation  and  ship- 
ment. We  pointed  out  earlier  that  low  temperature 
is  an  effective  means  of  maintaining  the  viability 
of  most  viruses;  but,  conversely,  exposure  of  speci- 
mens to  room  temperature  for  only  a  few  hours 
may 'prevent  recovery  of  a  virus.  For  a  few  hours 
storage  prior  to  shipment,  the  refrigerator  (4°  C.y 
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offers  enough  protection.  In  fact,  if  the  specimens 
can  be  transported  or  mailed  to  reach  the  diagnos- 
tic laboratory  within  24  hours  of  collection  theri  is 
ordinarily  no  need  to  freeze  them.  An  insulated 
carton  containing  wet  ice  or  a  can  of  commercial 
refrigerant  (frozen  for  24  to  48  hours)  will  main- 
tain the  desired  low  temperature  for  the  period  of 
transit.  If  no  form  of  refrigeration  is  available, 
stools,  tissue  samples,  and  most  other  solid  speci- 
mens can  be  protected  to  some  extent  by  adding 
an  equal  volume  of  50  percent  glycerin.  This 
substance  has  little  effect  in  preserving  liquids, 
however. 

15-15.  For  other  than  the  short  period  of  stor- 
age and  transport  noted  above,  freezing  (—70° 
C. )  is  our  best  method  of  protecting  clinical  speci-t 
mens  from  deterioration.  If  you  do  not  have  a  lab- 
oratory freezer  which  attains  a  temperature  of 
—  70°  C,  the  ice  cube  compartment  of  the  refrig- 
erator is  a  convenient,  temporary  substitute.  The 
specimens  can  also  be  sealed  in  glass  ampules  and 
frozen  isx  a  mixture  of  dry  ice  (solid  C02)  and  al- 
cohol, and  subsequently  kept  frozen  in  dry  ice. 
Shipping  frozen  materials  to  the  virology  labora- 
tory by  air  oir  surface  transportation  requires  addi- 
tional'dry  ice  and  a  sealed,  insulated  carton  to  re- 
tard loss  of  cooling  capacity  as  the  solid  C02 
passes  into  the  gaseous  state. 
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SHIPPING  SF^ECJMENS 

WLLOW  FOR  CHANGES  IN  ATMOSPHERIC  PRESSURE) 


SCREW  CAP  - 
RUBBER  GASKET 
ADHESIVE  TAPE 


RUBBER 
STOPPER 

ADHESIVE 
TAPE 


9^m?.T5EALE°  RUBBER-STOPPERED 
AMPULES  TUBES  . 

Figure  52.   Shipping  precautions. 
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15-16.  In  transporting  the  clinical  specimens  to 
a  reference  laboratory,  we  must  also  consider 
other  aspects  besides  low  temperature,  i.e.,  pack- 
aging for  physical  protection.  The  problems  we 
most  often  encounter  are  leakage  of  fluids  and 
breakage  of  the  specimen  container.  Leaking  o^ 
curs  either  because  a  tube  or  bottle  was  insecurely 
stoppered  to  begin  with  or  a  pressure  change  dur- 
ing transit  by  air  breaks  the  seal.  Tubes,  jars,  and 
bottles  often  break  if  they  are  dropped,  and  rough 
handling  of  the  carton  can  cause  the  glass  contain- 
ers inside  to  crack  or  shatter  if  they  come  jnto  vio- 
lent contact  through  lack  of  sufficient  packing  ma- 
terial. 

15-17.  Ideally,  clinical  specimens  should  be 
protected  by  sealing  them  in  thick  glass  ampules, 
as  demonstrated  in  figure  52.  Unaffected  by  pres- 
sure changes,  these  ampules  also  shield  the  speci- 
men from  chemical  fumes  that  can  inactivate  a 
virus.  Many  laboratories  have  found  screw-capped 
glass  or  durable  plastic  tubes  and  jars,  as  well  as 
rubber-stoppered  containers,  satisfactory  for  ship- 
ping specimens  if  special  precautions  are  taken 
with  the  closure.  We  show  in  figure  52  how  a 
screw-capped  tube  can  be  fitted  with  a  rubber  gas- 
ket and  then  sealed  with  adhesive  tape.  As  de- 
picted in  the  figure,  rubber  stoppers  can  also  be 
reinforced  with  a  strong  adhesive  tape. 

15-18.  By  wrapping  individual  containers  with 
paper  or  cotton,  we  can  decrease  the  opportunity 
for  breakage  from  movement  during  shipment 
Even  greater  protection  is  afforded  if  we  wrap 
small  groups  of  the  tubes  or  jars  and  seal  them  in- 
side tin  cans.  A  number  of  outer  containers  are 
commercially  available  for  protecting  the  ampules, 
tubes  and  jars  which  hold  the  clinical  specimens. 
Fiberboard  or  foam-lined  shipping  cartons  can  be 
loaded  with  wet  ice  in  plastic  bags  or  solid  C02, 
depending  on  whether  the  specimen  is  to  be  kept 
chilled  or  frozen.  The  various  outer  containers  are 
designed  to  insulate  the  contents  from  environ- 
mental heat  during  transit  periods  of  24  hours  to 
several  days.  The  extent  of  protection  depends 
upon  such  individual  characteristics  as  size  (ice 
capacity)  and  efficiency  of  the  insulating  material. 

15-19.  Laboratory  Diagnostic  Procedures.  Af- 
ter a  clinical  specimen  arrives  at  the  reference  lab- 
oratory, the  virologist  uses  one  or  more  of  three 
broad  approaches  to  diagnosis.  In  general,  he  uses 
a  combination  of  procedures,  or  battery  of  tests, 
chosen  from  the  following  areas: 

•  Virus  cultivation. 

•  Serological  studies. 

•  Microscopic  techniques. 

In  this  course  we  will  not  cover  detailed  proce- 
dural steps  in  virus  diagnosis.  Rather,  we  will 
stress  the  principles  underlying  some  of  the  more 


Table  39 
Diagnostic  Methods  Available  in  Virology 

I.  Virus  Cultivation  (Isolation) 

A.  Laboratory  animals 

B.  Fertile  hen's  eggs 

C.  Tissue  culture 

II.  Serological  Studies 

A.  Complement  fixation 

B.  Neutralization  test 

C.  Hemagglutination  inhibition 

D.  Gel-diffusion  techniques 
m.  Microscopy 

A.  Fluorescent  microscopy 

B.  Electron  microscopy 

C  Examination  of  ccllsior  cytopathic  changes 

common  tests  and*  the  reasons  for  performing 
them. 

15-20.  Recovery  of  the  causative  agent  and  its 
isolation  in  a  living  cell  system  is  the  purpose  of 
virus  culture  procedures.  In  table  39  we  note  that 
three  virus  culture  systems  are  available:  animals, 
eggs,  and  cell  cultures.  The  identity  of  a  virus  can 
often  be  established,  at  least  tentatively,  on  the 
basis  of  pathological  changes  in  a  laboratory  ani- 
mal inoculated  with  a  portion  of  th^  clinical  speci- 
men. The  choice  of  the  animal,  e.g.,  guinea  pig, 
mouse,  depends  upon  what  virus  is  suspected  to  be 
involved  in  the  disease. 

15-21.  The  growth  of  viruses  and  rickettsiae  in 
fertile  hen's  eggs  often  gives  characteristic  changes 
in  the  embryo  or  neighboring  tissues  of  the  egg. 
The  propagating  microbes  also  furnish  antigen 
(virus  particles)  for  "serological  studies.  Tissues 
cultures,  the  third  of  our  common  isolation  sys- 
tems, are  prepared  from  human  or  animal  cells 
that  have  become  adapted  to  growth  in  nutrient 
fluids  made  up  in  the  laboratory.  If  we  inoculate 
suspected  material  into  a  tube  or  bottle  containing 
tissue  cells  growing  in  a  liquid  medium,  the  viruses 
present  in  the  specimen  will  invade  the  cells  and 
multiply. 

15-22.  The  virologist  scans  the  tissue  culture 
periodically  for  changes  in  the  cells  (cytopathic  ef- 
fects— CPE)  characteristic  of  infection  with  cer- 
tain groups  of  viruses.  If  the  tissue  cells  are  in- 
duced to  grow  in  a  thin  sheet  by  imbedding  them 
between  layers  of  agar,  the  destruction  of  the  cells 
in  an  area  of  virus  propagation  will  yield  a  clear 
zone  (plaque)  whose  size,  shape,  and  appearance 
are  also  indicative  of  certain  types  of  virus. 

15-23.  We  have  already  learned  that  the  meas- 
urement of  circulating  immune  substances — anti- 
bodies— in  acute  and  convalescent  sera  from  a  pa- 
tient can  often  suggest  the  identity  of  an  infecting 
virus.  A  higher  antibody  level  (titer)  in  the  conva- 
lescent serum  than  in  the  acute  phase  serum,  when 
both  serum  samples  are  tested  against  a  known 
virus  antigen,  gives  us  the^due.  Table  39  shows 
that  diagnostic  laboratories  are  not  restricted  to 
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only  one  form  pf  aittigen-antibody  reaction.  Sero- 
logical procedures  range  from  the  time-honored 
complement-fixation  test  to  newer  methods  of  flu- 
orescent microscopy.  We  will  take  a  look  at  each 
of  these  later  in  this  chapter. 

15-24.  The  third  main  avenue  in  laboratory  di- 
agnosis open  to  the  virologist  (the  others  were  virus 
cultivation  and  serological  studies)  takes  advan- 
tage of  microscopy  to  observe  virus  morphology  or 
to  visualize  the  effects  o«(||8gent  in  various  cell 
preparations  or  tissue  cSltiirfes.  Table  39  lists 
some  of  the  techniques.  We  search  smears  of  cells 
for  "inclusion  bodies"  or  typical  cytopathic  effects. 
The  electron  microscope  brings  the  smallest  vi- 
ruses in  purified  preparations  into  visual  range  for 
examination  of  shape,  size,  and  other  morplplogi- 
cal  features.  The  use  of  fluorescing  dyes  under  ul- 
traviolet light  enables  us  to  see  microscopically  the 
reaction  between  virus  antigen  in  tissues  and  spe- 
cially prepared  antibody.  We  will  return  to  flu- 
orescent microscopy  in  our  subsequent  discussion 
of  the  principles  behind  representative  diagnostic 
tests*  < 

15-25.  Principles  of  Serological  Testing.  The 
protein  coat  that  surrounds  the  nucleic  acid  core 
of  the  viruses  is  usually  antigenic,  i.e.,  it  causes  a 
host  animal  to  form  immune  substances  (antibod- 
ies) in  response  to  infection.  Many  differences 
exist  in  the  kind  of  protein  found  in  the  virus  coat, 
and  antibodies  tend  to  be  specific  for  the  one  kind 
of  protein  (antigen)  that  gave  rise  to  their  produc- 
tion. We  can  take  advantage  of  this  phenomenon 
by  setting  up  in  the  laboratory  certain  test  systems 
that  simulate  the  natural  specificity  of  the  anti- 
gen-antibody reaction.  The  serum  portion  of  the 
blood  contains  the  antibodies,  hence,  procedures 
usjng  blood  serum  as  a  major  ingredient  are  com- 
monly referred  to  as  "serological"  tests.  We  can 
use  such  tests  to  identify  a  virus  after  it  has  been 
isolated,  to  detect  a  viral  antigen  in  clinical  speci- 
mens, and  to  demonstrate  changes  in  serum  anti- 
•  body  levels  during  infection. 

15-26.  Cross-reactions  in  serological  tests  are 
frequent,  however,  because  an  antibody  may  com- 
bine to  a  certain  degree  with  antigens  that  are  re- 
lated chemically  (but  not  identical  to  the  protein 
that  stimulated  antibody  formation  in  the  first 
place.  To  cite  an  example,  within  the  200-odd  ar- 
thropod-borne viruses  about  150  contain  common 
protein  antigens  that  cause  cross  reactions  in  sero- 
logical tests.  For  this  reason,  serological  procedures 
must  be  carefully  correlated  with  results  of  other 
diagnostic  methods  before  the  infectious  agent  can 

15-27.  Most  students  in  the  clinical  laboratory 
are  familiar  with  routine  "in  vitro"  forms  of  the 
antigen-antibody  reaction.  For  instance,  the  visible 
clumping  f&Ji  suspension  of  bacterial  cells  or  red 
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blood  cells  in  the  presence  of  an  antiserum  illus- 
trates the  agglutination  test.  Toxin-Antitoxin  reac- 
tions, in  which  a  soluble  rather  than  particulate 
antigen  is  used,  typifies  the  conventional  precipitin 
test  Viral  and  rickettsial  antigens  also  form  aggre- 
gates in  the  presence  of  specific  antibodies,  but  the 
quantity  of  antigen  needed  to  give  an  observable 
reaction  is  so  large  that  some  of  our  more  common 
serological  tests  are  impractical  in  the  virology 
laboratory.  As  microtechniques  are  developed,  and 
as  means  become  available  for  preparing  purified, 
concentrated  antigens  quickly  and  economically, 
agglutination,  precipitation  and  flocculation  meth- 
ods will  be  more  widely  used.  In  the  following  par- 
agraphs we  will  point  out  some  of  the  serological 
procedures  that  are  relied  upon  at  present 

15-28.  The  complement-fixation  (CF)  proce- 
dure is  widely  used  with  the  viruses  and  rickettsiae 
because  only  a  small  amount  tif  antigen  is  re- 
quired, and  because  the  test  Jias  the  proper  sensi- 
tivity and  specificity  for  routine  use.  Reagents  to 
carry  out  the  procedure  on  a  sample  of  patient's 
serum  include,  in  addition  to  the  "unknown" 
serum,  antigens  from  a  "known"  virus,  sheep  red 
blood  cells  (RBC),  hemolysin  (antibody,  to  sheep 
RBC),  and  guinea  pig  complement 

15-29.  Two  systems  are  set  up,  a  test  system 
consisting  of  patient's  serum,  viral  antigen,  and 
complement;  and  an  indicator  system  made  up  of 
sheep  RBC  and  hemolysin.  If  the  serum  contains 
antibodies  against  the  viral  antigen,  a  combination 
of  antigen,  antibody  and  complement  will  take 
place.  When  complement  is  "fixed"  in  ibis  test  sys- 
tem, the  reagent  will  be  unavailable  to  combine 
with  sheep  RBC  and  hemolysin  in  the  indicator 
system  and  lysis  of  the  RBC  will  not  occur.  This 
is  a  "positive"  CF  test.  Conversely,  if  no  serum 
antibodies  are  present,  thCcomplement  is  free  to 
combine  with  RBC  and  hemolysin.  The  resulting 
"negative"  CF  test  is  indicated  by  lysis  of  the 
sheep  cells. 

15-30.  The  neutralization  test  is  suitable  for 
identifying  virus  diseases,  but  not  rickettsial  infec- 
tions. In  principle,  a  virus  infection  causes  the  pro- 
duction of  immune  substances  or  "neutralizing" 
antibodies  which  will  combine  with  virus  particles 
in  a  test  system,  rendering  the  virus  noninfectious. 
In  practice,  we  can  assay  the  neutralizing  activity 
of  a  patient's  serum  by  mixing  aliquots  of  the 
serum  with  known  viruses  and  incubating  the  indi- 
vidual mixtures  in  tissue  culture,  fertile  eggs,  or 
laboratory  animals.  An  unneutralized  vims  will 
give  cytopathic  changes  in  tissue  culture  cells,  le- 
sions in  eggs,  death,  or  illness  of  the  animal 

15-31.  If,  on  the  other  hand,,  the  patient's 
serum  contains  neutralizing  antibodies,  no  change 
in  the  test  system  will  be  found  because  the  virus 
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has  been  inactivated.  This  latter  situation  repre- 
sents a  "positive"  neutralization  test.  The  principle 
is  the  same  if  we  reverse  the  procedure  and  incu- 
bate unidentified  virus  antigen  from  a  clinical 
specimen  with  individual  sera  containing  neutraliz- 
ing antibodies  against  known  viruses.  In  other 
words,  we  can  identify  a  virus  by  knowing  the  an- 
tibody constituents  of  specially  prepared  immune 
test  sera. 

15-32.  Many  viruses  have  the  capacity  to  be 
adsorbed  onto  the  red  blood  cells  (RBC)  of  birds 
and  mammals  and  to  cause  these  cells  to  agglutin- 
ate. If  antibodies  to  the  virus  are  present,  however, 
the  virus  particles  are  prevented  from  absorbing 
onto  the  RBC,  and  cell  agglutination  cannot  take 
place.  This  is  the  basis  for  the  hemagglutination 
inhibition  test  used  to  detect  and  assay  viral  anti- 
body levels  in  patients'  sera.  In  practice,  we  mix 
serum  dilutions  with  a  known  virus  antigen  and 
allow  the  mixture  to  incubate.  Group  "O"  RBG 
are  added  a  short  time  later  "and  observed  for  ag- 
glutination. If  no  antibodies -are  present  to  com- 
bine with  the  virus  antigen,  the  RBC  will  be  agglu- 
tinated jtf  every  serum  dilution.  If  antibodies  are 
present,  however,  their  relative  quantity  (titer) 
can  be  determined  by  noting  the  highest  dilution 
of  serum  that  completely  inhibits  RBC  agglutina- 
tion 

15-33.  .Gel  diffusion  methods  rely  on  the 
spread  of  antigens  and  antibodies  through  a  solid, 
transparent  menstrum  such  as  agar.  At  the  point 
where  the  components  meet  in  optimum  propor- 
tions within  the  agar,  a  visible  precipitate  forms  to 
denote  a  positive  reaction.  Several  variations  in 
technique  are  used,  but  the  "agar  cell  culture  pre- 
cipitation test"  demonstrates  the  principle  in- 
y  volved.  We  can  grow  tissue  cells  in  a  well  (depres- 
sion) carved  in  jtlje  surface  of  an  agar  plate  and 
then  infect  the  cells  with  an  unknown  virus  isolate. 
We  add  immune  sera  of  known  antibody  content 
to  adjacent  wells.  After  incubation,  we  search  vis- 
ually for  lines  of  precipitated  antigen-antibody  be- 
tween the  wells.  The  corollary  of  this  technique 
can  be  found  in  inoculating  known  viruses  to  the 
tissue  cells  and  then  adding  patients'  sera  of  un- 
known antibody  content  to  adjacent  wells.  A  posi- 
tive precipitation  reaction  identifies  the  type  of  an- 
tibody; and  thus  indicates  the  virus  to  which  a 
patient  has  been  exposed. 

15-34.  One  of  the  most  promising  methods  of 
virus  identification,  fluorescent  microscopy,  em- 
braces both  immunologic  and  ^microscopic  ap- 
proaches. There  are  three  points  of  information 
necessary  for  an  understanding  of  the  principle  in- 
volved: . 

(1)  Serum  antibodies  (gamma  globulin  frac- 
tion) can  be  coupled  to  certain  fluorescent  dyes 
(i.e.,  labeled)  without  losing  affinity  for  the  spe- 


cific antigen  that  stimulated  formation  of  these  an- 
tibodies. 

(2)  The  labeled  antibodies  (globulin  plus  dye) 
will  combine  with  their  specific  viral  antigen  in  in- 
fected tissue  cells. 

(3)  The  complex  formed  by  antigen-antibody- 
fluorescent  dye  can  be  seen  microscopically  under 
ultraviolet  illumination. 

15-35.  Fluorescent  studies  can  be  conducted  in 
two  ways:  directly  or  indirectly.  In  the  direct 
method,  we  smear  a  slide  with  tissue  suspected  of 
harboring  a  virus.  Let's  say  that  the  laboratory  lias 
an  array  of  antibody  preparations,  each  specific 
for  a  certain  known  virus,  and  each  previously 
conjugated  (labeled)  with  a  fluorescein  dye.  We 
add  one  of  these  preparations  to  the  slide,  incubate 
it  a  few  minutes,  rinse  off  the  excess,  and  look  at 
the  slide  under  the  microscope.  If  we  find  fluoresc- 
ing areas  in  the  tissue,  it  means  that  some  of  the 
labeled  antibodies  combined  with  the  viral  antigen 
and  resisted  the  rinsing  process  (positive  test). 
The  absence  of  fluorescing  areas  or  particles  (neg- 
ative test),  indicates  that  no  virus  antigen  specific 
for  the  antibody  preparation  was  present  in  the  tis- 
sue cells,  and  that  the  free  antibodies  were  washed 
away  during  the  rinse. 

15-36.  The  direct  method  requires  that  the  vi- 
rologist keep  on  hand  a  large  number  of  antibody 
preparations,  each  specific  for  one  virus  or  group 
of  viruses.  It  means,  besides,  that  each  of  these  an- 
tibody reagents  must  be  conjugated  (labeled)  sep- 
arately  with  the  fluorescein  dye,  a  time-consuming 
task. 

15-37.  The  indirect  method  overcomes  the  dis- 
advantages of  having  to  label  each  different  anti- 
body preparation.  Let's  take  a  diagnostic  situation 
in  which  we  are  trying  to  identify  a  suspected  virus 
in  an  exudate  received  from  a  hospital.  We  pre- 
pare a  slide  of  the  smeared  material,  just  as  in  the 
direct  method.  This  time  we  add  an  unlabeled  an- 
tiserum (not  conjugated  with  a  dye)  prepared 
against  a  specifically  known  virus.  It  is  unneces- 
sary in  this  method  to  fractionate  the  serum  to  ob- 
tain the  gamma  globulin  component.  If  our  anti- 
serum contains  antibodies  for  the  unknown  virus  in 
the  smear,  these  antibodies  will  combine  with  anti- 
gen and  resist  being  washed  off  the  slide.  Con- 
versely, if  no  antibodies  specific  for  that  virus  are 
present,  the  serum  we  added  will  be  washed  away 
completely. 

15-38.  The  second  step  is  to  add  to  the  washed 
smear  an  antiglobulin  preparation  labeled  with  a 
fluorescent  dye.  The  reagent  can  be  prepared  by 
immunizing  an  animal  with  human  gamma  globu- 
lin, harvesting  the  animal's  antibodies  formed 
against  the  gamma  globulin,  and  conjugating  these 
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antibodies  with  a  dye.  These  labeled  antihuman 
globulins  will  combine  with  the  serum  antibodies 
that  we  previously  added  to  the  slide  (if  they  re- 
mained in  the  smear  attached  to  antigen  particles) 
and  show  fluorescence.  If  the  antihuman  globulins 
can  be  washed  off  the  slide  (no  fluorescence  ap- 
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pears  after  the  wasting  process),  it  means  that  no 
serum  antibodies  a^inst  the  virus,  and  h*nc?,f  no 
virus  particles  were  present  in  the  smear.  So,  in 
the  indirect  method  we  are  actually  using  an  anti- 
body prepared  against  another  antibody  to  detect 
a  virus. 
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Glossary 


Abstriction — Formation  of  asexual  spores  by  the  cutting  off  of  portions  of  the 

sporophore  through  the  growth  of  dividing  partitions. 
Acrotheca — A  type  of  spore  formation,  characteristic  of  genus  Fonsecaea,  in 

which  conidia  are  formed  along  the  sides  of  irregular  club-shaped  conidiophores. 
Aerobe — An  organism  whose  growth  and  reproduction  are  favored  by  the  presence 

of  air  of  free  atmospheric  oxygen.  • 
Anaerobe — An  organism  whose  growth  and  reproduction  are  favored  by  the  ab- 
sence of  air  or  free  atmospheric  oxygen. 
Anthropophilic — Term  applied  to  fungi  that  are  considered  to  infect  only  man. 
Arthrospore — Asexual  spore  formed  by  the  disarticulation  of  the  mycelium. 
Ascospore — Sexual  spore,  characteristic  of  the  class  ^Ascomyce tes,  produced 

(union  of  two  nuclei)  in  a  sac  structure  known  as  an  ascus. 
Ascus — A  specialized  sac  structure,  characteristic  of  the  class  Ascomycetes,  in 

which  ascospores  are  produced. 
AsEpf  Ate — Term  describing  absence  of  cross-walls  in  a  hyphal  filament  or  a  spore. 
Basidiospore — Sexual  spore,  characteristic  pf  the  class  Basidiomycetes,  produced 

(union  of  two  nuclei)  on  a  specialized  club-shaped  structure  called  a  basidium. 
Basidium — A  specialized,  club-shaped  cell,  characteristic  of  the  class  basidiomy- 
cetes, on  which  exogenous  basiospores  are  borne. 
Blastospore — An  asexual  spore  produced  by  a  budding?  process,  along  the 

mycelium  or  from  .Another  blastospore. 
Budding — An  asexual  reproductive  process  characteristic  of  unicellular  fungi  or 

spores  involving  the  formation  of  lateral  outgrowth  from  the  parent  cell  that  are 

pinched  off  to  form  new  cells. 
Cerebriform — Resembling  the  external  convolutions  and  fissures  of  the  brain. 
Chlamydospore — Thick-walled  resistant  spore  formed  by  the  direct  differentiation 

of  the  mycelium  (concentration  of  protoplasm  and  nutrients)  . 
Cladosporium — A  type  of  spore  formation  characteristic  of  genera  Cladosporium 

and  Fonsecaea,  in  which  conidia  are  formed  in  branched  chains  by  conidiospores 

of  various  lengths. 
Clavate — Club-shaped. 

Cleistothecium — A  structure,  usually  spherical,  in  which  ascr  are  formed 

Coenocytic — Teftn  applied  to  a  cell  or  an  aseptate  hypha  containing  numerous 
nuclei.  * 

Columella — The  prominent  dome-shaped  apex  of  a  sporangiophore,  character- 
istic of  the  class  Phycomycetes. 

Conbdiophore— A  specialized  branch  of  hypha  on  which  conidia  are  developed 
either  singly  or  in  groups^  *  ^ 

CoNiDiUM-^An  asexual  spore  (one- to  many-celled,  and  of  many  sizes  and  shapes) 
produced  on  a  specialized  structure  kntiwn  as  a  conidiophore. 

Coremium — A  sheaflike  tuft  of  coindiophores. 

Dematiaceous — Pigmented,  dark  in  color,  *  ~* 

Dimorphic— Tenh  referring  to  those  fungi  which  can  grow  and  reproduce  in 

either  the  mold  form  or  the  yeast  form. 
Echinulated — Spiny. 
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Ectothrdc — Arthrospores  formed  outside  the  infected  hair  shaft. 

En  Grappe — In  clumps  on  the  ends  of  hyphae. 

En  Thyrse — Individually  along  the  sides  df  hyphae. 

Endogenous — Derived  from  internal  source. 

Endospore — Spore  formed  within  a  special  spore  case. 

Endothrix — Arthrospores  formed  within  tHte  infected  hair  shaft. 

Exogenous — Derived  from  external  source. 

Faculative — Term  referring  to  ability  of  an  organism  to  grow  and  reproduce  as 
an  aerobe  or  an  anaerobe.  ^ 

Fa  vie  Chandeliers — Specialized  hyphae  that  are  curved,  branched,  and  antlerlike 
in  appearance;  formed  by  certain  dermatophytes,  especially  Trichophyton 
schoenleinii. 

Favic-Endothrix — Hair  infection  resembling  endothrix  type;  no^  arthrospores 
formed. 

Fungus — A  ehlorophyll-less  saprophyte  or  parasitic  member  of  the  plant  kingdom, 
whose  plant  body  is  not  differentiated  into  roots,  stems  and  leaves.  In  most 
species  the  fundamental  structural  unit  is  mycelium.  ~rr~~ 

Fusiform — Spindle-shaped. 

Gametangium — A  structure  in  which  gametes  are  produced. 

Gamete — A  sexual  cell;  especially  a  cell  formed  in  a  gametangium. 

Geophilic — Term  applied  to  fungi  whose  natural  habitat  ijL  in  soty. 

Germ  Tube — The  tubelike  process  put  out  by  a  germinating  spore  that  develops 

-into  the  mycelium. 
Glabrous — Srrtpoth,  skinlike  in  texture. 
,  Granulomatous — Composed  of  tumor  or  neoplasm  made  up  of  granulation 
tissue.         ,  » 
Habitat— Natural  place  of  growth  of  ^n  organism. 
Helicoid — Resembling  a  coil  or  helix.  * 

Hyaline — Gl'as^  and  transparent.     -  *  ~     

HYPHA-^-One  of  the  vegetative  filaments  composing  the  mycelium  of  mold  fungi. 
Imperfect  Fungi — Fungi  that  apparently  lack  the  sexual  means  of  reproduction 

and  reproducfftnly  asexually. 
Intercalary — Said  of  spores  produced  between  two  hyphal  segments, 
i  Kerion — A  pustular  infection  of  the  hair  follicles  of  the  scalp  characterized  by  a 

raised,  boggy  lesion.  t  , 

Macroconidium — Large,  often  multicellular  conidium. 

Macroscopic — Term  referring  to  gross,  cultural  morphology  that  can  be  observed 

and  studied  with  the  naked  eye. 
MiCROCONiDiUM-r-Small,  singl££elled  conidium.  * 
^Microscopic — Term  referring  to  minute  morphology  that  can  only"  be  observed 

and  studied  under  the  lens  of  the  microscope. 
Mold — Macroscopic:  filamentous  or  mycelial  form  of  fungus  growth;  microscopic: 

predominance  of  thread-like  hyphae. 
Monomorphic — Term  referring  to  those  fungi  which  grow  and  reproduce  in  only 

the  mold  form  or  the  yeast  form.  /  , 

Muriform — Term  describing  a  conidium  which  possesses  both  transverse  and 

longitudinal  septations. 
Mycelium— A  mat  of  intertwined  and  branching  threadlike  hyphae. 
Mycetoma — Fungus  tumor.  ,  . 

Mycosis — Fungus  disease. 

Nodular  Organ — A  knot  of  close-knit  hyphag,  considered  to  represent  abo^tjve 

attempts  toward  sexual  reproduction.  ^ 
Onychomycosis — A  general  term  for  a  fungal  infection  of  the  nails. 

*'95 


SI  3- 


ERIC 


543 


Oospore — A  sexual  spore  produced  through  the  fusion  of  tViro  unlike  gametangja, 
found  in  the  class  Phycomycetes: 

Pectinate  Hyphae — Vegetative  hyphal  branches  with  unilateral  digitate  projec- 
tions resembling  teeth  of  a  comb. 

Perfect  Fungi — Fungi  that  possess  both  the  sexual  and  the  asexual  means  of,  re- 
production. 

Perithecium — A  special  closed  structure  in  which  asci  are  formed. 

Philophora — A  type  oospore  formation,  characteristic  of  genus  Phialophora,  in 
which  conidia  are  fonped  endogenously  in  flasklike  conidiophores  called  phialids. 

Pleomorphic — Term^rescribing  the  degenerative  change  of  a  fungus  from  a  re- 
productive to  a  completely  sterile  colony.  This  process  is  irreversible  and  char- 
acteristic morphology  is  lost. 

Pseudohypha — A  chain  of  elongated  budding  cells  that  have  failed  to  detach. 

Pyriform — Pear-shaped. 

Racquet* Hyphae— Vegetative  hypha^  showing  terminal  swelling  of  segments 

suggesting  a  tennis  racquet  in  shape. 
Rfflzop — Term  applied  to  radiating,  rootlike  hyphae,  extending  into  the  substrate. 
Sclerotic — Hardened,  thick-walled. 

Septate — Term  describing  presence  of  cross-walls  in  a  hyphal  filament  or  a  spore. 
Sessile — Said  of  spores  born  directly  on  the  hypha  as  indicated  by  the  absence  of 
a  phore. 

Sporangiophore — A  specialized  branch  of  hypha  on  which  sporangia  are  de- 
veloped. ^ 

Sporangium — A  closed  structure  within  which  asexual  sporarigiospores  are  pro- 
duced by  cleavage. 

Spore — Generally,  the  reproductive  body  of  a  fungus;  occasionally,  a  resistant 

body  for  adverse  environment.  * 
Spo&ephore===A  -generaktern^  for  -aspor^bearing  structure* 
Sterigma — The  singular  of  sterigmata. 

Sterigmata — $ho;j  or  long  projections  (from  the  vesicle  portion  of  a  complex 

conidiophore)  on  which  conidia  are  developed. 
Stolon— A  runner.  A  horizontal  hyphS  which  sprouts  where  it  touches  the 

substrate  and  forms  rhizoids  in  the  substrate. 
Suppurative — Producing  pus. 

Thallospore — Spores  formed  by  a  change  in  portion  of  the  thallus. 

Thallus — A  simple  plant  body;  the  vegetative  part  of  the  fungus  plant  as  dis- 
tinguished from  the  reproductive  part. 

Tinea — "Ringworm";  a  prefix  used  with  the  infected  area*  of  the  body  (tirifea 
capitis,  tinea  pedis)  to  indicate  a  cutaneous  mucosis. 

Truncate — Having  a  side  or  an  end  cut  squarely  off. 

Tuberculate — Having  knobby  projections. 

Vermicular — Wormlike  in  shape  or  appearance. 

Verrucose— Warty  in  appearance. 

Yeast — Macroscopic:  pasty,  or  mucoid  form  of  fungus  growth;  microscopic: 

predominance  of  budding  cells. 
Zoophilic — Term  applied  to  fungi  that  infect  lower  animals  as  well  as  humans. 
Zygospore — A  thick-wallkd  sexual  spore  produced  through  fusion  of  two  similar 

gametangia;  found  in  the  class  Phycomycetes. 
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This  workbook  places  the  materials  you  need  where  you  msed  them  while  you 
are  studying.  In  it,  you  will  find  the  Study  Reference  (Suide,  the  Chapter  Review 
Exercises  and  their  answers,  and  the  Volume  Review  Exercise.  You* can  easily 
compare  textual  references  with  chapter  exercise  items  without  flipping  pages 
back  and  forth  in  your  text  You  will  not  misplace  any  one  of  these  essential 
study  materials.  You  will  have  a  single  reference  pamphlet  in  the  proper  sequence 
for  learning.  ^ 

These  devices  in  your  workbook  are  autoinstiuctional  aids.  They  take  the 
place  of  the  teacher  who  would  be  directing  your  progress  if  you  were  in  a 
classroom.  The  wcfrkbook  puts  these  self-teachers  into  one  booklet.  If  you  will 
follow  the  study  plan  given  in  "Your  Key  to  Career  Development,"  which  is 
in  your  course  packet,  you  will  be  leading  yourself  by  easily  learned  steps  to 
mastery  of  your  text. 

If  you  have  any  questions  which  you  cannot  answer  by  referring  to  "Your 
Key  to  Career  Development"  or  your  course  material,  use  ECI  Form  17,  "Student 
.  Request  for  Assistance,"  identify  yourself  and  your  inquiry  fully  and  send  it  to 
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STUDY  REFERENCE  GUIDE 


1.  Use  this  Guide  as  a  Study  Aid.  It  emphasizes  all  important  study  areas  of  this  volume. 

2.  Use  the  Guide  as  you  complete  the  Volume  Review  Exkrcise  and  for  Review  after  Feedback  on 
the  Results.  After  each  item  number  on  your  VRE  is  a  fflree  digit  number  in  parenthesis.  That 
number  corresponds  to  the  Guide  Number  in  this  Study  Re  Eerence  Guide  Which  shows  you  where 
the  answer  to  that  VRE  item  can  be  found  in  the  text.  Whei  i  answering  the  items  in  your  VRE, 
refer  to  the  areas  in  the  text  indicated  by  these  Guide  Numbers.  The'VRE  results  will  be  sent  to 
you  ori  a  postcard  which  -will  list  pie  actual  VRE  items  jow  missed.  Go  to  your  VRE  booklet 
and  locate  the  Guide  Number  for  each  item  missed.  List  these  Guide  Numbers.  Then  go  back 
to  your  textbook  and  carefully  review  the  areas  covered  by/ these  Guide  Numbers.  Review  the 
entire  VRE  again  before  you  take  the  closed-book  Course  Examination. 

3.  Use  the  Guide  for  Follow-up  after  you  complete  (he  yourse  Examination.  The  CE  results  will 
be  sent  to  you  on  a  postcard,  which  will  indicate  "SaJ&ractory"  or  "Unsatisfactory"  completion. 
The  card  will  list  Guide  Numbers  relating  to  the  questions  missed.  Locate  these  numbers  un  the 
Guide  and  draw  a  line  under  the  Guide  Number,  «ppic,  and  reference.  Review  these  areas  to 
insure   oui  rna  .ery  of  the  course. 


Guide 

Number    Guide'Numbers  400  through  424 


Guide 
Number 


400  Introduction  to  Medical  Mycology;  Char- 
acteristics of  the  Fungi:  General;  Tax* 
onomic  Relationships,  pages  1*3 

401  Characteristics  of  the  Fungi:  Cellular  Mor- 
phology, pages  3-6 

* 

402  Characteristics  of  the  Fungi:  Cultural  Pro-, 
perties;  Colony  Morphology;  Fungi  as 
Agents  of  Disease,  pages  6*8 

403  Collection  and  Processing  of  Specimens, 
pages  8*1 1 

404  Mycology  Techniques,  pages  11-14 

405  Introduction  to  the  Yeastlike  Fungi  and 
the  Monomorphic  Molds;  The  Pathogenic 
Yeastlike  Fungi,  pages  15-20  * 

406  The  Superficial  Monomorphic  Molds;  pages 

20-23 

407  The  Cutaneous  Monomorphic  Molds:  Gen- 
eral: Microsporum  Audbuinii;  Microsporum 
Canis;  Microsporum  Gypseum,  pages  23-27 

408  The  Cutaneous  Monomorphic  Molds: 
Genus  Trichophyton,  pages  27-30 


409  The  Cutaneous  Monomorphic  Molds:  Epi- 
dermophyton  Floccosum;  Keratinofnyces 
Ajelloi,  pages  30-32 

410  The  Subcutaneous  Monomorphic  Molds, 
pages  32-35 

411  The  Systemic  Monomorphic  Molds:  Gener- 
al; Clinical  Aspects  of  Actinomycosis;  Lab- 
oratory   Diagnosis   of  Ac^tinomyocosis,* 
pages  35-40 

412  The  Systemic  Monomorphic  Molds:  No- 
cardiosis, pages  40-42 

413  Introduction  to  the  Pathogenic  Dimorphic 
Fungi;  Subcutaneous  Group,  pages  43-45 

> 

41y4  •  Systemic  Group:  General;  Coccidioides  Im- 
mitis;  Blastomyces'  Derma titidis,  pages 
45-48  , 

415.  Systemic  Group:  Paracoccidioides  Brasil- 
iensis;  Histoplasma  Capsulatum,  pages 
48-52 

416       Introduction  to  the  Saprophytic  Fungi; 
Saprophytes  Commonly  Encountered  in 
"   Medical  Mycology:  Saprophytes  with  Char- 
acteristic Conidia,  pages  53-59 
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Guide 
NumSer 


Guide 
Number 


417  Saprophytes,  Commonly  Encountered  in 
Medical  Mycology:  Saprophytes  with  Char- 
acteristic Conidiophores;  Saprophytes  with 
Characteristic  Sporangiophores;  Sapro- 
phytes with  Characteristic  Thallus,  pages 
59-63 

418  Saprophytes  as  the  Etiological  Agents  of 
Rare  Mycoses,  pages  63-69 

419  Virology:  General;  Medical  and  Economic 
Significance;  Classification,  page^0-72 

420  Y;  <  *  >gy:  The  Nature  of  Viruses  and  Re- 

Organisms;  Virus  Structure  and  Life 
Cycii;,  pages  72-77  ^ 


421       The  Majgr  Groups  of  Pathogens,  pages 
N  77-82 


422      Methods  in  Virology:  Collection  and  Ship- 
ment of  Specimens,  pages  82-89 


423  Methods  in  Virology:  Laboratory  Diagnos- 
tic Procedures;  Principles  of  Serological 
Testing,  ^ages  89-92 


424      Glossary,  pagers  94-96 
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CHAPTER  REVIEW  EXERCISES 


The  following  exercises  are  study  aids.  Write  your  answers  in  pencil  in  the  space  provided  after  each 
exercise.  Immediately  after  completing  each  set  of  exercises,  check  your  responses  against  the  answers  for 
that  set  ?  «i  net  zibmit  your  answers  to  ECI  for  grading. 

CHAPTER  1 

Objective:  To  be  able  to  describe  the  basis  for  classification  of  the  fungi,  the  proper  methods  of  collection  and 
processing  of  specimens  for  either  self  examination  or  shipment,  and  the  techniques  commonly  used  in  clinical 
mycology. 

m  I.    List  the  four  classes  of  fungi.  (f5, 3) 


2.    Which  of  *>e  classes  of  fungi  contains  most  of  the  human  pathogens?  (1-3) 


3.    Why  are  the  Deuteromycetes  referred  to  as  the  fungi  imperfecti?  (1-3) 


4.  J  List  the  four  microscopic  criteria  which  ofter^make  a  rapid  accurate. diagnosis  possible.  (1-4) 


5.    What  is  the  twofold  function  of  vegetative  hyphae?  (1=6) 


6.    List  three  important  functions  of  the  spore.  (1-7) 
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7.    What  are  the  three  varieties  of  the  asexual  spore?  (1-8) 


52.0 


8.    List  the  three  types  of  thallospores.  (1-8) 


9.    How  d^esthe  endospore  differ  from  the  ectospore?  (1-9) 


1 0. .  Why  are  antibiotics  incorporated  into  Sabouraud's  dextrose  agar?  (1-11) 


1 1 .    What  are  the  three  varieties  of  fungi  based  on  colony  appearance?  Define  each.  (1-14-16) 


N 

v 

1 2.    What  is  another  name  for  the  agents  of  the  cutaneous  mycoses?  (1-18) 


13.    Why  must  the  laboratory  worker  exercise  strict  aseptic  technique  even  when  obtaining  clinical  materiel 
from  skin  lesions?  (2-1) 
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14.    Why  must  specimens  of  hair  be  obtained  from  the  scalp  even  when  no  fluorescein  is  seen  under  ultra- 
violet light?  (2-3)  ^ 


15.    List  the  techniques  which  should  be  routinely  performed  on  sputum  following  direct  examination  and 
prior  to  culturing.  (2-4) 


1 6.    List  in  proper  sequence  the  steps  routinely  used  when  preparing  specimens  for  shipment.  (2-8) 


17.    Why  is  it  inadvisable  to  ship  such  specimens  as  urine,  bronchial  washings,  or  biopsied  tissue?  (2-9) 


18.    In  general,  how  does  medical  mycology  differ  from  medical  bacteriology  regarding  techniques  used  for 
identification?  (2-9) 


19.  Why  are  cotton  plugs  preferable  to  screw-capped  tubes  for  culturing  fungi?  (3-2) 

20.  How  may  the  clearing  effect  of  10  percent  KOH  be  hastened?  (3-4) 
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2 1 .    What  is  the  function  of  each  ingredient  in  the  stain  lactophenol  cotton  blue?  (3-5) 


22.    Why  is  the  scotch  tape  wet  mount  technique  preferred  by  some  workers?  (3-7) 


23.    What  is  the  sble  purpose  of  India  ink  when  used  to  detect  Cryptococcus  neoformansl  (3-8) 


24.    Why  ?re  larger  tubes  containing  more  media  preferred  for  incubation  at  37°  C?  (3-9) 


25.    List  the  growth  characteristics  which  should  be  noted  when  macroscopically  examining  a  fungus  culture. 
(3-1 1 ) 


26.    What  advantage  does  the  slide  culture  technique  have  over  the  teased  or  scotch  tape  wet  mount?  (3-14) 


27.    Why  is  a  sterile  coverslip  placed  over  the  cut  in  the  media  when  inoculating  a  cut  streak  plate?  (3-16) 
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CHAPTER  2 

Objective:  To  show  a  knowledge  of  the  clinical  aspects  and  diagnostic  laboratory  techniques  commonly  em-  ' 
ployed  in  isolation  and  identification  of  the  yeastlike  fungi  and  the  monomorphic  molds.  f 

1 .  Why  are  the  yeastlike  fungi  which  cause  human  disease  considered  opportunistic?  (4-1) 

i 

2.  List  three  conditions  which  permit  the  yeastlike  fungi  to  become  invasive  or  toxic.  (4-1) 

3.  How  do  the  C  r,  ptococci  differ  from  all  other  of  the  yeastlike  fungi?  (4-2) 

4.  Which  of  the  yeastlike  fungi  never  reproduces  by  means  of  simple  budding?  (4-2) 

» 

* 

'5.    Why  is  it  essential  to  isolate  an  unknown  yeastlike  fungi  in  its  pure  form?  (4-3) 

6.    When  using  N  HCL  to  obtain  bacteria  free  cultures  which  tube  of  Sabouraud's  dextrose  broth  is  used  for 
inoculation  of  a  blood  plate?  (4-3) 


7. 


Which  technique  described  in  Chapter  1  is  used  when  the  microscopic  morphology  is  indicative  of 
Candida  albicans'!  (4-4) 
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8.    List  two  reasons  for  a  high  incidence  rate  of  Candidiasis  in  certain  regions  of  the  world.  (4-5) 


9.    What  is  the  name  commonly  applied  to  a  Candida  albicans  infection  of  the  oral  mucous  membranes?  (4*6) 


10.    How  does  obesity  result  ift  candidiasis?  (4-7) 


1 1 .    Why  do  drug  addicts  often  contract  endocardial  candidiasis?  (4-8) 


12.    How  would  the  technician  preliminarily  report  a  microscopic  picture  of  budding  yeast  cells  and  mycelium 
pinched  in  the  septations?  (4-9)  ( 


13.    What  is  probably  the  most  common  method  used  to  identify  C.  albicans'!  (4-1 1) 

r 
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14.    What  follow  up  tests  should  be  used  to  identify  C.  albicans  when  chlamydospore  production  cannot  be 
demonstrated?  (4-11) 
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15.    Describe  a  rapid  method  for  identifying  G  albicans  using  EMB  media.  (4-12) 


1 6.    Under  what  circumstances  may  a  species  of  Candida  other  than  albicans  be  considered  as  a  possible 
disease  agent?  (4-13) 


17.    What  is  the  probable  reason  for  tho^pw  prevalence  of  infections  with  Cryptococcus  neoformansl  (4-14) 


18.    What  is  the  most  common  portal  of  entry  of  infective  spores  of  C  neoformans?  (4-15) 


19.    What  technique  is  routinely  used  to  detect  C.  neoformans  in  clinical  material?  (4-16) 


20.    How  is  incubation  temperature  useful  in  differentiating  C.  neoformans  from  saprophytic  cryptococci? 
(4-17) 


2 1 .    What  does  a  positive  urease  test  indicate  if  the  technician  is  attempting  to  identify  a  mejnber  of  the  yeast- 
like fungi?  (4-18)  " 
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22.    Why  is  the  role  oiGeotrichum  candidwn  in  disease  difficult  to  assess?  (4-20) 


9 


ERIC 


23     («2)S     UnUSUal  characteristic  of  G-  candidum  regarding  its  colonial  and  microscopic  morphology? 


24.    How  does  a  hair  infected  with  Trichosppron  cutaneum  appear  microscopically?  (4-24) 


25.    What  microscopic  feature  of  Pityrosporum  ovale  readily  distinguishes  it  from  the  other  yeastlike  fund? 
(4-27)  . 


26.    What  effect  is  produced  when  an  individual  with  Piedraia  hortai  combs  his  hair7  (5-2) 


27.    What  symptoms  are  illicited  by  individuals  infected  with  CladospMium  wemeckiH  (5-4) 


28.  •  How  does  Malassezia  furfur  differ  culturally  from  the  other  superficial  monomorphic  molds?  (5-7) 
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29.    Why  do  the  dermatophytes  invade  only  the  keratinized  cutaneous  tissue?  (6-1) 


30.    To  which  ttlass  do  the  majority  of  dermatophytes  belong?  (6-2) 


*0 


3 1 .    List  three  of  the  more  common  physiological  tests  used  to  identify  members  of  the  dermatophytes.  (6-3) 


32,    List  the  three  broad  categories  of  dermatophytes  based  on#ieir  natural  habitat.  (6-4) 


o^he 


33.    What  is  another  name  for  a  tinea  unguium  infection?  (6-5) 


34.    WH^t  part  do  barber  shops  play  in  the  transmission  of  M.  audouiniP.  (6-6) 


35,    Define  the  term  "kerion."  (6-7) 


36.    When  examining  an  early  suspect  case  of  tinea  capitis  for  fluorescence  under  U.V.  light,  what  added  step 
>    should  be  taken  to  avoid  a  false  negative  result?  (6-8) 
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37.    How  may  Af.  audouinii  be  differentiated  from  other  Microsporym  spp.  based  on  the  use  of  rice  grain 
media?  (6-9) 


38.    Describe  the  typical  microscogi|  characteristics  pf  M.  audouinii,  when  examined  in  wet  mount  from 
culture.  (6-9) 

i 


39.    With  regard  to  the  spontaneous  healing  of  tinea  infections  due  to  M.  canis,  which  form  of  the  disease  is  of 
shorter  duration?  (6-10) 


40.    <l  Why  is  it  impossible  to  differentiate  Af.  audouinii  from  A/,  canis  on  the  basis  of  clinical  material  or 
symptoms? 

i  b.  What  procedure  must  be  followed  to  identify  these  fungi?  (6-1 1) 


41 .    Describe  the  macroconidia  of  Af.  canis  as  observed  in  wet  mount  from  Culture.  (6-12) 


42.    Where  is  Af.  gypseum  found  very  frequently  as  a  saprophyte?  (6-13) 


43.    How  do  tinea  infections  of  Af.  gypseum  respond  when  viewed  undej  a  Wood's  lamp?  (6-14) 
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44.    How  would  you  describe  the  typical  microscopic  picture  ofvA/,  gypseum  when  viewed  in  wet  mount 
from  culture?  (6-15) 


45.  Which  members  of  the  dermatophytes  are  the  most  important  causitive  agents  of  tinea  pedis  and  tinea 
f       unguium  throughout  the  world?  (6-1 6) 


46.    What  is  meant  by  "black-dot"  ringworm?  (6-18) 


47.    How  does  the  invasiveness  of  T.  rubrwn  differ  from  T.  mentagraphytes  with  regard  to  the  Mjn  vitro' 
hair  culture  test?  (6-19)  *  '   *     /  . 


48.    What  tissue,  normally  attacked  by  the  dermatophytes  is  not  invaded  by  E.  floccosuml  (6-20) 


49.    Why  are  the  morphological  characteristics  of  the  microconidia  of  £.  floccosum  of  no  diagnostic  value? 
(6-2J^  . 


50     List  two  reasons  why  the  ability  to  identify  K.  ajelloi  is  important.  (6-22) 
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Describe  the  macroconidia  of  K.  ajelloi  in  wet  mount  from  culture.  (6-24)  Q 


Hpw  are  most  cases  of  chromoblastomycosis  contracted?  (7-2) 


List  the  three  types  of  conidiophore  formation  which  are  demonstrated  by  the  chromoblastomvctfiic 
fungi.  (7-3) 


How  much  of  the  body  is  usually  involved  in  most  cases  of  chromoblastomycosis?  (7-4) 


Describe  the  structures  which  make  a  rapid  diagnosis  of  chromoblastomycosis  possible  in  direct  examina- 
tion of  clinical  material.  (7-6)  , 


How  does  examination  of  wet  mounts  made  from  culture  aid  in  specie  identification  of  ,chromoblast6my- 
cotic  agents?  (7-7)  „. 


( 

What  does  the  term  "mycetoma"  mean?  (73) 
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58.    List  two  reasons  for  the  greater  incidencerof  maduromycosis  in  areas  with  hot,  dry  climates.  (7-9) 


59.    How  may  the  mycetomas  caused  by  the  maduromycotic  fungi  be  microscopically  differentiated  from 
those  caused  by  other  fungi  as  the  Actinomyces  spp.  or  Nacardia  spp.?  (7-11) 


60,    List  the  gross  characteristics  which  should  be  carefully  noted  concerning  "grains"  obtained  from  clinical 
material.  (7-12)  , 


61 .  *  Why  is  it  inadvisable  to  use  cycloheximide  in  the  media  when  culturing  for  suspect  maduromycotic 
agents?  (7-13)  ■  * 


62.    How  are  the  members  of  the  genera  Actinomycetes,  Nocardia  and  Streptomyces  sirftilar  to  bacteria? 
(8-2) 


63.-   Why  must  the  disease  actinomycosis' be  considered  of  endogenous  origin?  (8-3) 


64.    What  name  is  commonly  applied  to  the  tiny  yellowish-white  friable  masses  which  are  ft^und  in  the  purulent 
fluid  in  cases  of  actinomycosis?  (8-4) 
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65 .    Define  the  term  "lumpy  jaw."  (8-5) 


£2  2. 


66.    Why  is  abdominal  actinomycosis  a  definite  threat  in  wounds  of  intestinal  wall?  (8-6) 


67.    List  two  important  physiological  requirements  for  primary  isolation  of  A.  bovis  and A.  israelii.  (8-7) 


08.    Describe  the  appearance  of  A.  israelii  in  thioglycollate  broth.  (8-8) 


69.    What  is  the  microscopic  appearance  of  a  "sulfur  granule"  under  high  magnification?  (8-9) 


70.    How  may  Actinomyces  naeslundii  be  readily  differentiated  from  A;  israelii  and  A.  bovisl  (8-11) 


71 .    Why  is  nocardiosis  considered  to  be  exogenous  in  origin?  (8-12) 


72.    What  is  the  general  chain  of  events  leading  to  the  development  of  draining  thoracit  sinuses  in  cases  of 
nocardiosis?  (8-13)  f  , 
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73»    In  what  respects  do  the  mycetomas  caused  by  the  aerobic  actinomycotic  agents  vary  frpiTithose  caused 
by  Actinomyces  israelii?  (8*14)  '  ' 


74.  ^at  findings  may  be  expected  when  grain^rom  a  case  of  nocardiosis  are  crushed,  stained  and  microscopi- 
cally examined?  (8-15) 


75.    When  culturing  for  jV.  asteroides  or  N.  brasitiensis  why  is  it  necessary  to  inoculate  the  media  prior  to  and 


following  concentration?  (8-16) 


76.    What  difference  is  there  in  the  growth  rate  between  zNocardia  spp.  and  M.  tuberculosis  when  incubated 
at  37°  C,  on  media  normally  used  to  isolate  M.  tuberculosis?  (8-16) 


77.    What  two  biochemical  tests  are  routinely  used  for  differentiation  and  identification  of  the  Nocardia  spp. 
and  the  Streptomyces  spp.  ?  (8  - 1 7)  1 


CHAPTER  3 

Objective:  To  show  a  knowledge  of  the  clinical  aspects  and  diagnostic  laboratory1  techniques  commonly  em- 
ployed in  isolation  and  identification  of  the  pathogenic  dimorphic  fungi. 

I .    When  inoculated  to  suitable  artificial  substrates,  what  are  the  two  forms  of  dimorphic  funguwhen  incu- 
bated at  25°  C.  and  37°  C.  respectively?  (Intro..  I) 


\  ■ 
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2.    In  what  way  does  the  saprophytic  form  (mold  form)  of  fungi  gain  access  to  the  body?  (lntro.-2) 


3,    Name  the  fungi  classified  as  dimorphic.  (Intro.O) 


4.    Why  is  it  important  to  diagnose  infections  of  dimraphic  fungi  early?  (9-1 ) 


5 .    In  what  form  are  dimorphic  fungi  not  transmissable?  (9- 1 ) 


6,    How  can  you  help  prevent  laboratory  infections  when  working  with  the  dimorphic  fungi?  (9-2) 


7.    How  does  one  normally  become  infected  with  the  most  common  form  of  sporotrichosiJ*(9-4) 


8.  What  characterizes  the  course  of  the  djsease  sporotrichosis?  (9-4) 

9.  Why  are  direct  examinations  of  clinical  material  of  little  value  in  diagnosing  sporotrichosis?  (9-6) 


5t>4  > 
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10.    List  the  patters  which  describe-the  arrangement  of  conidia  in  cultures  of  Sporotrichum  schenckii.  (9-7) 


3~J  s~ . 


1 1 .    Which  phase  of  5.  schenckii  produces  cells  called  "cigar  bodies"?^ 9-8) 


1 2.    What  must  be  done  to  confirm  a  diagnosis  of  5.  schenckii?  (9-9) 


1 3.    How  are  systemic  fungi  characterized?  ( 1 0-1 ) 


14.    Name  two  forms  of  the  disease  coccidioidomycosis.  (10-3, 4) 


J  / 
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15.    What  is  the  name  of  the  structure  that  Contains  endospores  often  found  in  clinical  material  in  cases  of 
coccidioidomycosis?  (10-5) 


1 6.    How  would  you  describe  the  mature  arthrospores  of  C.  immitis?  (10-7) 


) 
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17.    Why  should  mycelial  cultures  of  C.  immitis  be  flooded  with  sterile  normal  salin^prior  to  removing  the  5~3>0? 
cotton  plug?  (10-7)  ■ 


18.    What  must  be  done  to  establish  a  confirmatory  diagnosis  of  coccidioidomycosis?  (10-8) 


19.    Name  two  immunological  procedures  used  to  help  diagnose  coccidioidomycosis.  (10-9) 


20.    Give  two  additional  names  for  Gilchrist's  disease.  (10-10) 


21 .    List  the  clinical  forms  of  blastomycosis.  (10-11) 


22 .    Which  form  of  blastomycosis  occurs  most  frequently?  (10-12) 


23.  What  cell  produced  in  the.xissue  phase  is  characteristic  of  blastomycosis?  (10-13)- 

24.  How  would  the  additipn  of  cyclohexamide  affect  cultures  of  5.  dermatitidh  incubate^at  37°  C.?.(  10-14) 
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25     Name  the  tissue  of  the  body  for  which  Paracoccidioides  brasiliensis  has  a  special  predilection.  (10-16)    #  ' 

5  3  7 


/ 

26.    What  part  of  the  body  serves  as  the  primary  focus  of  infection  with  ?.  brasiliensesl  (10-16) 


27 .    Why  is  early  diagnosis  of  infection  with  P.  brasiliensis  st^important?  (10-19) 


28.    How  should  clinical  materials  be  cultured  for?,  brasiliensis?  $0-19)  P. 

V 


29.    Briefly  describe  the  two  patterns  pf  daughter  cell  budding  in  the  yeast  (tissue)  phase  of?,  brasiliensis. 
(10-20)  •  . 


mi 


30.    What  must  be  done  to  contort  cultural  identification  of  P.  brasiliensis?  (10-21) 


is 


3h    Why  is  the  intra  testicular  injection  with  spores  of?,  brasiliensis  useful?  (10-22) 


32.    Which  system  of  th&body  is  preferred  by  the  fungus Histoplasma  capsuhtum?  (10-23) 
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33.    How  frequently  does  disseminated  histoplasmosis  occur?  (10-24) 


S32 


34.    In  what  way  is  the  treatment  of  clinical  materials  obtained  from  patients  infected  with  histoplasmosis 
handled  differently  from  clinical  materials  obtained  from  patients  infected  with  blastomycosis  or  para- 
coccidioidomycosis? ( 1 0-25) 


35.    Within  what  types  of  cells  are  the  yeastlike  bodies  of  Histoplasma  capsulatum  found?  (1 0-26) 


36.    Why  should  tM  tops  of  screw  capped  culture  tubes  be  loosened  occasionally  after  inoculation  with 
clinical  materials  conUmin&Histoplasma  capsulatum?  (10-27)  >\ 


37.    How  are  the  characteristic  macroconidia  of  H.  capsulatum  described?  (10-28) 


38.    Under  what  circumstances  may  species  of Sepedonium  appear  identical  to  those  of//,  capsulatum? 
(10-28)  J 


39.    How  can  nontuberculate/r".  capsulatum  be  differentiated  with  certainty  from  Sepedonium  species7 
(10-28^29) 
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40.    Under  what  conditioning  animal  inoculation  be  a  required  procedure  when  diagnosing//.  capsulatwri} 
(10-30)  7 


41 .    When  should  mice  inoculated  with  spores  of  H.  capsulatum  be  autopsied?  (10-30) 


42.    What  must  be  done  after  the  animal  is  sacrificed?  (10-30) 


43.    When  is  the  precipitin "fest  especially  useful  in  testing  for  histoplasmosis?  (10-32) 


CHAPTER  4 

Objective:  To  show  a  knowledge  of  the  saprophytic  fungi  commonly  encountered  in  medical  mycology,  <^  to 
be  able  to  explain  their  role  as  the  etiological  agents  of  certain  rare  mycoses. 

1.    Why  must  the  medical  mycologist  be  able  to  distinguish  the  saprophytic  fungi  from  the  pathogenic  forms? 
<Intro.-l)  .  -  « 


2.  List  the  eight  genera  of  saprophytic  fungi  which  have  characteristic  conidia.  (1 1-2) 

3.  Why  is  the  genus  name  "Curvularia"  considered  most  appropriate?  (1 1-7) 
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4,    What  is  the  probable  reasoif  for  the  genus  name  "Helminthosporium"?  (11-9) 


5.    Describe  the  conidia  produced  by  the  members  of  the  genus  Scopulariopsis.  (1 M 1) 


6.    What  three  structures  make  up  the  characteristic'  conidiophore  in.  the  genus  Aspergillus!  (1 1-14-17) 


7.    What  is  the  name  of  the  structure  which  generates  spores  in  the  genus  Penicillium!  (1 1-20) 


8.    List  the  four  genera  of  saprophytes  having  a  characteristic  sporangiophore.  (1 1  -22) 


9. ,  What  are  two  functions  of  the  rhizoids  fo\ind  in  R.  nigricans!  (1 1-25) 


1 0.    How  are  the  microconidia  of  Aureobasidium  pullulans  produced?  ( 1 1  -29) 


1 1.    List  two  conditions  which  may  predispose  an  individual  to  infection  by  a  member  of  the  saprophytic 
fungi.  (12-1) 
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12.    Which  of  the  saprophytic  fungi  are  responsible  for  the  majority  of  humgn  infections?  (1 2-2) 


1 3.    Since  Aspergillus  species  are  such  common  laboratory  contaminants,  what  criteria  is  necessary  to  impli- 
cate them  in  a  disease  process?  (12-6)  t  > 


14.    Why  are  immunologic  tests  for  Aspergillus  of  no  value?  (12-8) 


15.    List  the  four  basic  types  of  infections  caused  by  the  Phycomycete$.  (12-10, 1 1) 


1 6.    Describe  the  fungal  structures  which  may  be  observed  in  direct  microscopic  examination  of  clinical 
material  from  cases  of  phycomycosis.  (12-12)  * 


17.    Why /has  the  exact  taxonomic  position  of  Rhinosporidium  seeberi  never  been  established?  (12-16) 


18.    How  may  tJ\e  sporangia  o(R.  seeberi  be  differentiated  from  those  of  C  immitisl  (12-18) 
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19.    How  may  Cladosporium  bantianum  be  differentiated  from  Cladosporium  carrioniil  (12-22)  ST*/  P 


CHAPTER  5 

4  - 

Objective:  To  develop  background  information  on  viruses  and  related  organisms  sufficient  for  full  understanding 
of  the  principles  of  specimen  collection,  preservation,  and  shipment  to  diagnostic  laboratories. 

1  >    The  viruses  fall  within  what  taxonomic  class  of  the  division  Protophytal  (13-9) 


2.    Bergey 's  Manual  lists  two  genera  of  rickettsiae  within  the  order  Rickettsiales.  What  are  these  ^vo  genera? 
0W0) 


3.  What  are  some  of  the  factors  considered  in  placing  the  viruses  ii^o-eight  major  groups?  (13-12) 

e 

4.  Name  the  four  RNA  virus  groups.  (13-12) 


5.    Name  the  four  classification  groups  of  viruses9 that  contain  DNA  in  the  nuclear  core.  (13-12) 


6\    Explain  why  viruses  are  called  "obligate  parasites."  (13-13) 
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7.  -What  scientistin  1892  discovered  the  existence  of  viruses;  and  what  experiments  led  him  to  this  discovery? 
(13-14) 

•m.  ' 


8.-  Three  major  advances  in'Iaboratory  technology  opened  the  door  to  present-day  knowledge  of  the  viruses. 
What  were  these  three  advances?  (13-14) 


9.    How  did  the  invention  of  the  electron  microscope  contribute  to  advances  in  our  knowledge  of  viruses? 
(13- 12  J  4)  > 

/  ■ 


10.    Describe  several  key  characteristics  of  the  viruses  and  rickettsiae  that  point  to  basic  differences  in  their 
nature.  (13-15-18)  /  . 


1 1 .    What  is  the  basic  structural  design  found  in  all  viruses?  (1 3-20) 


y  ■ 

12.    A  viral  capsid  has  one  or  the  other  of  two  kinds  of  symmetry:  cubic  or  helical.  Explain  how  the  arrange- 
ment of  protein  molecules  in  the  capsid  influences  this  symmetry.  (13-20-22)  * 


13.    List  three  probable  functions  of  the  capsid.  (13-24) 
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>,    What  part  of  the  vtfion  serves  as  a  template  in  dffecting  the  host  cell  to  manufacture  virus  protein?  (13-25) 


41 


5.    The  response  of  a  host  cell  to  virus  infection  can  take  three  forms.  What  are  they?  (13-26) 


) 

6.    The  Picornavii'uses  comprise  one  of  the  four  major  groups  of  the  RNA  viruses.  Within  the  Picornavirus 
>  group  there  is  a  subgroup  whose  members  can  be  isolated  from  tfiroat  washings,  stools,  and  sometimes 
from  blood,  although  their  natural  habjtat  is  thought  to  be  the  intestinal  tract.  Name  this  virus  subgroup 

-1*14-3,4)  t 


Among  the  RNA  viruses  we  often  find  members  of  one  of  the  major  groups  in  stools  and  nasal  or  throat 
secretions.  These  viruses  are  associated  with  infections  of  the  respiratory  and.enter  tracts,  although  their 
part,  if  any,  in  causing  these  infections  is  obscure.  Name  this  group  of  viruses.  (14-7) 


.    The  arthropod-borne  viruses  (Arboviruses)  consist  mainly  of  three  subgroups  A,  B,  and  C;  name  a^least 
one  disease  from  each  subgroup  and  the  type  of  vector  involved  in  transmission.  (14-8) 


From  what  typcof  clinical  specimens  would  you  expect  to  isolate  one  of  the  pox  viruses?  (14-17) 


Scrub  typhus,  Q  fever,  and  epidemic  (louse-borne)  typhus  are  all  caused  b^what  major  taxonomic  group 
of  viruslike  organisms?  (14-19)  >S** 
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21 .    How  do  the  rickettsiae  differ  from  the  viruses  with  respect  to  their  nucleic  acid  components?  (14-20) 


S9S- 


22.    If  your  medical  officer  diagnoses  an  upper  Respiratory  infection  as  psittacosis  contracted  from  handling 
infected  parakeets  you  would  suspect  the  causative  agent  to  belong  to  what  major  taxonomic  group? 

(14-23-25)- 


23.    Explain  why  the  proper  selection  of  clinical  specimens  is  important  iri  diagnosing  virus  diseases.  (15-3) 


24.    How  soon  after  onset  of  symptoms  in  a  suspected  virus  infection  should  the  convalescent  phase  serum 
be  drawn?  (15-4)  '  . 


25 .   ^lect  the  correct  word(s)  in  e&ch  sequence.  As  a  rufe  (drying,- high  iiumidity)  and  (freezing  temperatures, 
room  temperatures)  are  harmful  to  viruses-  (15-5) 


26.    As  a  general  rule,  in  any  suspected  virus  infection  in  which  the  causative  agent  is  unknown,  what  3 
specimens  should  be  collected?  (15-7)  % 

\  .  \ 


27.    What  is  the  lowest  antibody  titer  found  in  convalescent  sera  that  is  considered  significant  when  compaied 
to  an  acu^e  phas|  titer  of  1-10?  (15-9) 

\ 
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28.  Why  do  we  collect  at  lea$t  5*10  grams  ofa  stool  specimen  for  virus  isolation?  (15-1 1)  ~ 

29.  if  no  form  of  refrigeration  is  available,  what  preservative  could  you  use  to  protect  stools,  tfssue  samples, 
*      and  other  solid  specimens  during  transit  to4he  laboratory?  (15-14)' 

•  r  * 

'      ■•  V    ■  ■  •  • 

30.  »  Viruses  can  be  grown  uifahree  types  of  living  cell  systems.  What  are  these  three  systems?  (15-20) 


31.    In  virus  diagnosis  the  technician  uses  one  or  more  of  three  types  or  groups  of  procedures.  Two  of  these 
procedures  are  virus  cultivation  and  ^fologipal  studies.  What  is  the  third  procedure  which  may  be  used? 
(15-19,-24) 


32.    In  addition  to  identifying  isolated  .viruses,  e.g.,  in  tissue  culture,  and  detecting  viral  antigens  in  clinical 
specimens,  how  do  serological  tests  help  us  diagnose  virus  diseases?  (1 5-25) 


33.    Explain  the  role  of  "hemolysin"  in  the  complement-fixation  reaction.  (15-28,  29) 


34.  ^  Describe  the  principle  of  the  neutralization  test.  (15-30, 31) 
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;  55.  The  life  cycle  requires  a  stage  of  development  in  one  of  various  arthropods.  (8-26)  * 

56.  The f  dog  and  the  cat.  (8-28)  *  . 

57.  Because  of  their  frequent  close  contact  with  infected  cats  and  dogs  as  pets.  (8-28) 

58.  They  are  of  the  same  approximate  length,  but  A  caninum  usually  has  fewer  proglottid*.  (8-29) 

59.  They  resemble  the  shape  of  a  cucumber  or  pumpkin  seed.  (8-29)  '  ' 

60.  The  eggs  must  be  ingested^  one  of  various  insects,  sttch  as  the  dog  louse  or  certain  larval  fleas,  which 
serve  as  intermediate  Jjpsts.  (8-30) 

.  &  *  - 

CHAPTER  4 

> 

1.  Nematode  (Intro .t2)     •  ')  . 

2.  Intestinal  and  somatic  or  tissue  roundworms.  (Intro.4) 

3.  Trichinella.  (9-H 

4.  -  The  outer  shell  v*  the ^gg  is  sticky.  (9-4)  4 

5.  Press  the>t:;;cv  side  of  clear  scotch  tape  to  the  perianal  folds  of  the  patient  and  then  stick  the  tape  to 
a  glass  slide.  (9-7) 

§.  v  Tricftiiris  trichiura  eggs  are  golden  brown  and  barrel  shaped.  (9-10)  p 

7.  Because  they  are  very  resistant  to  drying  and  low  temperatures.  (9-13) 

8.  Ascaris  lumbricoides  eggs  have  a  much  thicker  shell;  and  they  contain  an  undivided  cell  mass,  whereas 
hookworm  eggs  contain  a  zygote  that  is  in  the  four  or  eight  cell  stage.  (9-15) 

9.  Necator  americanux  (9-18)  4 

10.    By  penetrating  the  skin.  (9-20)  ^ 
11-    One  or  twp.  (9-22)  , 

12.  Female.  (9-26)  f  r  *    '  s 

13.  (1)  The  buccal  canal  of  Strongyloses  is  very  short,  while  that  of  the  hookworm  is  longer  and  narrow;  and 
(2>  the  genital  pnmordium  of  Strongyloses  is  much  larger  than  in  the  hookworm.  (9-29) 

14.  It  take*  7  to  14  days  after  exposure  for  most  of  the  larvae  to  be  filtered  out  in  the  muscle.  (9-32) 

15.  Bentonite  flocculation  test  and  indirect  hemagglutination  test,  (9-34) 
46.    In  appropriate  bloodfeeding  insects.  (10-2) 

1 7.  They  circulate  in  peripheral  blood  mainly  at  night*  (104) 

18.  Use  1 0  cc.  of  2  percent  formalin.  (10-7) 


19. 


The  microfilariae  of  Brugia  malayi  have  two  cells  in  the  tip  of  the  tail  which  are  not  present  in 
Wuchereria  bancrofti.  (10-9) 


20.  Mainly  during  the  daytime.  (10-1 1) 
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Black  flies  have  chewing  mouthpartsUherefore,  it  is  necessary  for  them  to  chew  a  hole  through  the  skin 
to  the  capillary  bed  and  then  lag  up  the  blood  as  it  pools  up  in  the  hole.  The  microfilariae  escape  from  the 
skin  in  the  tissue  fluids  and  are  taken  up  with  the  blood.  (10-13)  - 

22.  You  will  need.to  be  able  to  differentiate  them  from  the  microfilariae  of  the  more  harmful  species.  (10-16) 

23.  They  must  be  made  deep  enough  to  include  dermal  tissue.  (10-17)  ^ 
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ANSWERS  FOR  CHAPTER  RpVlEW  EXERCISES 
CHAPTER  I  . 


1.  a*  Phycomycetes. 

b.  Ascomycetes.  '  ^    „    '  4 

c.  Ba^idiomycetes. 

d.  Deuteromycetes.  - 

,  (,-2;3)  •     x  '  •  . 

2.  The  class  Deuteromycetes  sometimes  called  the  fungi  imperfecti.  (1-3) 

3.  t  They  are  called  the  fungi  imperfecti  because  they  have  no  demonstrable  means  of  sexual  reproduction. 

.     '(1-3)  -  • 

• » 

4.  a.  Nature  of  the  hypha. 

b.  Type  of  spore.  , 

c.  Type  of  sribre  bearing  structure.  » 

d.  Relationship  of  these  structures  to  each  other.  r  , 

("k  ■       ■  • v    ,  . 

5.  It  serves  to  anchor  the  fungus  to  the  substratum,  and  it  permits  direct  diffusion  for  procurement  of  nu- 
trients.il -6)  , 

N  * 

6.  *a.  Duplication  ofi  the  species.  %  .  . 
b.  Dispersal  toView  substrata*.             ♦        *  ^ 

x.  Protection  from  adverse  environmental  conditions. 

"  °'7)  '  .  , 

7.  a.  Thallospore  (body  spore).  _  ^  .* 


\ 

\ 


b.  Endospore. 

c.  Ectospore.  / 

(•■«)  „  , 

8.  a.  Arthrospores. 

b.  Blast ospores. 

c.  "Chlamydospores.  *  * 
0-8)                          -                        f  ' 

9.  The  endospore  is  borne  within  a  saclike  membrane  while  the  ectospore  is  borne  frep.  (1  -3)  „ 

10.  They  are  used  to  inhibit  the  growth  of  bacteria  and  saprophytic  fungi.  (1-11).  * 

11.  The  monomorphic  yeasts,  the  monomorphic  molds,  and  the  dimorphic  fungi.  The  monomorphic  yeasts 
reproduce  only  by  simple  bidding  when  incubated  at  either  25°  C.  or  37  C.The  monomorphic  molds 
reproduce  only  by  spore  germination  when  incubated  at  25°  C-  or  37°  C.  The  dimorphic  fungi  mulitply 
in  the  form  of  the  monomorphic  yeasts  at  37°  C.  and  in  the  form  of  the  monomorphic  molds  at  25°  C. 
(1-14-16)  - 

12.  The  dermatophytes.  (1-18)  -  s 

13.  The  fungi  causing  serious  systemic  infections  may  disseminate  producing  cutaneous  manifestations.  (2-1) 

14.  Many  tinea  capitis  infections  caused  by  spores  of  the  genusf  Trichophyton  and  M.  gypseum  will  not  fluo- 
resce under  ultraviolet  light.  (2-3)  *  ' 

15.  d  Gram  stain. 


b.  Acid  fast  stain. 

c.  Giemsa  or  Wright  stain. 

d.  India  ink  preparation. 
(2-4) 


f6.   a.  Clinical  matcrialr or  isolate  are  placed  in  cotton  plugged  tubes/size  1 8  x  150  mm. 

b.  Individual  tubes  are  wrapped  in  cotton  or  paper  arid  placed  in  a  met«l  specimen  container. 

c.  Any  free  space  left  in  the  specimeiMsontainer  is  stuffed  with  cottdn  or  other  packing  material 

17.    Because  this  type  of  specimen  becomes  rapidly  overgrown  with  contaminants  in  transit,  making  the 
isolation  o(the  pathogenic  fungus  improbable.  (2-9)  „  S 
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In  medical  rfiycology  greater  emphasis  isjlaced  on  differences  in  coloqy  appearance  and  details  of  cell 
structure  and  arrangement,  and  less  reliance  on  fermentation  reactions  and  serological  tests  (3-1) 

Cotton  plugs  allow  oxygen  to  enter  the  tube  and  permit  the  slant  surface  to  remain  dry,  permitting  better 
sporulation  and  pigment  production.  (3-2)  *  * 


20.  By  gentle  heating  for  a  few  seconds.  (3-4)  - 

21 .  a.  Lactic  acid  serves  as  a  preservative. 

b.  Phenol  serves  as  a  kiHing  agent.  .  ' 

c.  Cotton  blue  colors  the  structures  making  them  more  readily  observa'ble. 
(3-5)  _ 

22.  It  subjects  the  fundus  to  much  less  trauma  thereby  maintaining  the  structural  relationships  essential  for 
accurate  identification  and  is  relatively  simple.  (3-7)  *  ^ 


23.  Its  only  purpose  is  to  make  the  encapsulated  organism  more  easily  observaWe.  (3-8) 

24.  The  higher  temperature  tends  to  dry  the  media  out  more  rapidly  espedally^er  extended  period  of  ta- 
^  9  cubation.  (3-9)  ^  >V  <  « 

25.  a  Growth  rate.  t 

b.  .  Surface  topography.  •  s  •  <C-  * 

c.  Texture.  .  * 

d.  Front  and  reverse  pigmentation. 

(3-11)  '      „  \ 

26.  The  $lide  culture  may  be  examined  microscopically  without  disturbing  the  coverslip,  thus  structural  rela- 
tionships are  maintained  and  mounting  can  be  accomplished  at  the  desired  growth  phase.  (3-M) 

27.  To  create  microaerophilic  conditions  which  are  condudveto  the  formation  of  the  fruiting  structures  of 
some  yeasts.  (3- 16)^  .  5 

CHAPTER  2 

1 .  Because  the  yeastlike  fungi  are  frequently  recovered  from  clinical  specimens  from  individuals  who  dis- 
play no  adverse  symptoms  under  normal  conditions.  (4-1)* 

2.  d  Traumatic  injury. 
b.  Chronic  debilitating  ind  metabolic  diseases, 
c^ncreased  use  of  antibiotics  and  steroids  over  extended  time  periods 
(4-1)  a  M 
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All  the  Cryptococci  have  the  ability  to  encapsulate.  (4-2)* 

4.  Geotrichum  candidunu  (4-2) 

5.  In  order  to  perform  accurate  morphological  studies  and  other  tests  that  may  be  necessary.  (4-3) 

6.  The  acid  tub*  which  shows  no  bacterial  growth  after  overnight  incubation  at  37°  C  (4-3) 

7.  The  cut  streak  technique.  (4-4)  ->  ' 


8.  a.  A  high  carbohydrate  diet.         .  :  \ 
b.  Hot  climates  which  result  in  profuse  sweating. 

(4-5)  * 

9.  Thrush.  (4-6)     *  '  * 

10.  When  two  skin  surface?  lire  held  together  over  long  time  periods,  perspiration  cannot  evaporate  and  the  „ 
urea  breaks  down  into  ammonia,  resulting  in  a  localized  chemical  initiation.  (4-7) 

11.  Because  they  fail  to  adequately  sterilize  their  needles  and  syringes.  (4-8)  /  '  • 

12.  "Forms  suggestive  of  Candida  seen."  (4-9) 

/  ****  •  «v  .  •  * 

13.  The  demonstration  of  chlamydospores  using  the  cut  streak  technique.  (4-1 1) 

14*.    Sugar  assimilation  and  fermentation  tests.  (4*1 1)  , 

****  *  '  • 

15.  The  suspect  yeastlike  fungi  and  a  positive  control  are  streaked  on  separate  areas  of  an  EMB  plate  which 

is  incubated  at  37°  C.  in  a  candle  jar.  C  albicans  wiH  procjuce  germ  tubes  in  from  4  to  12  hours.  (4-12)  - 

16.  In  cases  where  a  species  of  Candida  is  repeatedly  isolated  from  clinical  material  which  is  normally  sterile, 
or  when  no  other  recognized  pathogenic  organism  has  been  recovered  frorn\he  clinical  material.  (4-13) 

17.  The  failuref  to  suspect  its  presence. '(4-1 4)  1 

18.  Inhalation  into  the  respiratory  system.  (4;  15) 

19.  The  India  ink  wet  mount.  (4-16)  *    ■  "  ^ 

20.  Most  saprophytic  cry ptococci  are  unable  to  grow  at  37°  C»  (4- 17)  * 

2 1 .  This  indicates  tha*t  the  yeastlike  fungi  is  a  member  of  the  genus  Cryptococcus.  (4-18) 

22.  Because  G.  candidum  usually  occurs  as  a  secondary  invader.  (4-20)  * 

23.  ,  Ii/its  early  growth  phase  G.  caftdidum  appears  in  the  form  of  the  other  yeastlike  fungi;  however,  as  it 

matures,  it  assumes  a  fluffy  mycelial  character  producing  chains  of  arthrospores.  (4-22) 

24.  You  will  see  soft  nodules  ranging  from  white  to  light  brown  in  color,  loosely  attached  to  the  hair  shaft. 
Athrospores  and  blastospores  may  also  be  seen.  (4-24)  ,  , 

'  -     "  J  * 

25.  The  bud  is  separated  from  the  mother  cell  by  a  cross-wall.  (4-27) 

26.  A  clicking  styqjd  is  produced.  (5-2)  *  f 

27.  The  organism  causes  the  asymptomatic  disease,  tinea  nigra.  (5-4) 

*  s 

28.  Malassezia  furfur  cannot  be  cultured  on  artificial  media.  (5-7) 

29.  Present  indications  are  that  other  body  tissues  contain  substances  which  inhibit  the  growth  of  these  fungi. 
(6-1)  ■  '  .  , 

30.  Class  Deuteromyce tes.  (6-2) 

31.  a.  Nutritional  tests. 

b.  Optimal  temperature  requirements.  *  •  . 

c.  Type  of  hair  digestion  "in  vitro."    >  \ 
(6-3)  ^  X 

32.  a.  Anthropophilic. 
1  b.  Zoophilic. 
*c.  Geophilic. 

'  (M) 


33.    Ringworm  infection  of  the  nails.  (6-5) 


/ 
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34.  Use  of  unsanitary  equipment  has  been  found  to  be  one  of  the  most  important  moks  of  transmission  of 
this  fungus.  (6-6)    ■    *  r 

35.  A  raised  mass  of  tissue,  supperatiug  at  numerous  points.  (6-7) 

36.  The  suspect  hair  should  be  plucked  and  tljen  exa*min#B  under  ultraviolet  light  since]only  the  base  of  the 
hair  is  involved  in  early  cases.  (6-8)  *  ' 

37.  W.  audouihii  grows  very  poorly  on  rice  grains,  while  the  other Microsporum  spp.  grow  quite  well.  (6-9) 

38.  Microscopically,  you  would  normally  find  pectinate  or  sterile  mycelium  with  numerous  chlamydospores 
Some  strains  will  form  a  few  bizarrcshaped  macroconidia  and  rare  clavate  microconidia  borne  sessile  on 
the  hyphae.  (6-9) 

439.    The  acute  inflammatory  type.  (6-10) 

40.  a.  They.both  cause  similar  symptoms  and  present  a  similar  microscopic  picture  from  clinical  material 
b.  Cultural  studies  must  be  employ^!.  (4-1 1) 

41 .  The  macroconidia  are  numerous,  8-1 5  ciled,  and  spindle  shaped.  They  often  terminate  in  a  distinct  knob 
arid  have  thick  ecifinulated  walls.  (6-12) 

42.  In  the  soil.  (6^3)  , 

43.  They  fluoresce  poorly  or  not  at  all.  (6-14) "  , 

44.  Numerous  macroconidia,  3-9  celled,  ellipsoid,  shorter  and  broader  than  thosztfM.  canis,  with  thinner 
, .  »\    echinlilated  walls.  The  microconidia  are  rare,  clavate  and  usually  borne  sessile  on  the  hyphae.  (6-1 5jf 

45.  Those  belonging  to  the  genus  Trichophyton.  (6-16) 
46: 

47. 


An  endothrix  type  infection  caused  by  some  members  of  the  gertUs  THchophytor^hlch  causes  the  hai/ 
to  break  off  close.to  or  below  the  scalp  surface  creating  a  black,  speckled  appearance.  (6-18) ' 

T  rubrum  will.not  perforate  the  hair  while  T.  mentagrophytes  is  capable  of  causing  wedge-shaped  perfora- 
tions. (6-19)  t  '  . 


48.  pie  hair.  (6-20) 

49.  E.  floccosum  produces  no  microconidia.  (6-21 ) 


50. 


a.  Data  regarding  the  prevalence  of  dermatophytes  in  many  regions  of  the  world  is  scanty. 
MThe  etiological  agents  of  many  ringworm  infections  go  unreported  and  possible  undiagnosed. 
(6-22)  ~ 
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51.    The  macroconidia  are  long  and  slender  with  parallel  walls  tapering  at  each  end,  and  composed  of  8-12 
cells.  The  walls  are  wide  and  have  a  smooth  surface.  (6-24) 

The  causitive  agents  are  probably  saprophytic  in  nature  and  most  cases  result  from  embeddingpf  the 
•wgafntm  in  wounds  contaminated  with  soil  or  vegetative  matter.  (7-2)  ' 

53.  Cladosporium,  Phialophora,  and  Acrotheca.  (7-3) 

54.  The  disease  tends  to  remain  localized  in  the  limb  or  area  intially  infcjpted.  (7^) 

55.  The  diagnostic  picture  seen  in  clinical  Material  is  one  of  small  clusters  of  spherical  dark  brown,  thick- 
walled  cells  that  reproduce  by  equatorial  splitting  (not  budding).  (7%) 

56.  The  'type  or  predominating  type  of  spoliation  in  species  exhibiting  multiple  type  spoliation  is  useful 
in  accurate  identification.  . (7-7) 

57.  Fungus  tumor.  (7-8) 

58.  a.  The  causitive  fungi  flourishes  under  these  conditions' 
b.  The  inhabitants  are  more  likely  to  go  barefoot 
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.  59.    Tift  mycetomas  caused  by  the  Actinomyces  spp.  wd^ocardia  spp.  demonstrate  mycelia  of  considerably 
less  diameter  (less  than,  I  micron)  and  elaborate  no  qhl^niydospores.  (7-11) 

60.  a.  Color.  7 

b.  Texture. 

c.  Shape. .  ,  ^T' 

d.  Size.4      _  .  '*  fcV  -    .  <« 
^       (7-12)  *             .       ,  J  ; 

61 .  Some  of  the  fungi  which  cause  maduromycosis  are  sensitive  to  this  antibiotic*  (7-1 3)  y  x, 

,  62.  -  fl.  They  cause  suppurative  tissue  reactions. 

b.  They  are  sensitive  to  many  of  the  same  antibiotics. 

(8-2).     /  ; 
-*f6J.r   The"causitive  agents  of  tne  disease  have  never  been -isolated  from  any  natural  habitat  and  t^ue &$\  that  rhey 
iWe  common  inhabitants  df  the  tonsillor  crypts,  gingiva  and  teeth  of  apparently  normal  individuals.  (8-3) 

64..  Sulfur  granules.  (8-4)-     *  I  *         ■  '% 

65.  ^Lumpy  jaw"  is  the' term  applied  to  cervicofacial'actinomycosis  in  cattle  and  i&  cau^d  by  actinomyces , 
>ovis.(8-5)  /    '      "  *  .   *  <     '  •  * 

66.  J*ecauseyl.  israelii  is  often  present  asymptomatically  in  the  human  intestine.  (8-6J,    ,  . 

67.  a.  they  both  tequire^an  anaerobic  or  microaerophic  environment. 
-    •  b.  They  b&tft  need  an  enriched  me4jum. 

(8-7) v:      •         v  fT 

68.  A.  israelii  produces  discrete/lafcatSd,  bre  Jkrumb-type  colonies  about'l  cm.  below  the  surface.  (£-§) 

69.  High  magniScaticm  shows  the  granule  to|be  composed  of  intertwined  delicate,  branched  filament^  of  1 
micron  BFfe^'ii)  diameter.  (8-9)  -       /  *  v       *     N  i*       ,V:  -. 


70.  By  inability  to  grow  aerobically,.(8-l|)  , 

71 .  The  cap&itive  fungi  o^  nocardiosis  are  Saprophytic  in.the  soil.  (8-12)  ^J* 

72.  •  Inf[e^ej»pores  are  inhaled  and  prodlce  a  miliary  type  infection  with%  tendency  for'the  Ifc^ionsto  pene- 

tVateTM  pleural  wall,  causing  abscesses  on  the  chesvt  wkll  and^ib  involvement.  These  abscesses  ir^ually 
extend  outward  to  tjie  skin  surface.  (8-13)  - "    •  r    ^   ,  )% 

73 .  Different  tissues  of  the  body  are  affected  and  the  grains  which  are  formed  will  vary  considerably^  mor: 
phology  and  color,  dependent  on  the  species  involved.  (8-14);    ;  ^  J 

74.  Typical  findings  would  be  partially  acid-fast,  (Jram-posi^e,  tyinr  branching  mycelium.  (8*1 5) 

75*^  It  has 'been  demonstrated  that  some  strains  of  these  organisms  ldse  fheir  viability  when  subjected  to  diges- 
tive agents.  (8-16)  *  \  4  ^ 
76.    The  Nocardia  spp.  will  develop  e&to^tSn  the  tubercle  organism.  $-16) 


77.    The  casein  hydrolysis  test  and  the  gelatin  test.  (8-17) 

CHAPTER  3 

/   '  "  1 

in  q  mnlHHke  filamentous  form:  incubation  of  the  sam< 


At  25°  C.  these  organisms  will  grow  in  a  moldlike  filamentous  form;  incubation  of  the  saiAe  organism  on 
the  same  substrate  at  37°  C.  will  result  in  the  development  of  mucoid,  bacterialike  colonies  of  budding 
yeast  cells.  (Intro.-l) 


2.    From  tissue  damage  or  mhalation.  (Intro.-2)     "  ~£ 


3. 


Sporotrichum  schenckii,  Coccidioides  immitis,  Blastomyces  dermatitidis,  Paracoccidioides  brasiliensis 
ajij  Histoplasrha  capsulatum.  (Intro. -3)    .  *  ^ 
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4.  The  dimorphic  fungi  cause  diseases  that  are  incurable  unless  diagnosed  early.  (9-1) 

5.  These  fungi  are  not  transmissable  in  the  parasitic  or  yeast  forfR.  (9-1) 

6.  Use/ a  bacteriological  safety  hood,  and  exercise  extreme  caution  and  the  best  possible  aseptic  technique. 

(9-2)  -  r  ' 

7^    The  most  common  form  of  the  diseasefliormally  results  from  implantation  of  the  spores  in  the  subcutane- 
ous tissue  during  a  penetrating  injury  from  a  thorn  or  splinter.  (9-4) '  „ 

8.    The  course  of  the  disease  is  characterized  by  a  chainlike  lymphatic  involvement  with  Swelling  of  nodes  and 
»  induration  of  the  connecting  lymphatics.  (9-4)  ■ 

*  9..    In  Gram-stained  smears,  it  is  very  difficult  to  distinguish  the  few  organisms  which  may  be  present  from 
otj^fr  tissue  elements.  (j9-6) 

^10.  •  "Sletevelike,"  amT'flowerette."  (9-7)  , 

11.  ' The  tissue  or  parasitic  phase:  (9*-8)  V 

1 2.  The  yea?tlike  phase  of  the  organism  must  be  demonstrated.  (9-9) 

13.  Fungi-causing  deep-seated  diseases  involving  one  qr  more  of  the  internal  organs  of  the  body.  (10-1) 

1 4.  Primary  pulmonary  coccidioidomycosis  and  disseminated  coccidioidomycosis.  (10-3,  4) 

15.  Aspherule.-(10-5) 
'  16.  Barrel-shaped  and  tagged.  (10-7) 

17.  To  retard  aerosol  formation  by  arthrospores.  (10-7) 

18.  Injection  of  test  animals  with  mycelial  growth  and  subsequenfrecovery  of  spherules  produced  in  the 
\t  guinea  pig  or  mouse,  0-8) 

19.  ,The  precipitin  and  complement-fixation  tests.  (10-9) 

20.  North  American  blastomycosis  and  blastomycosis.  (10-10)  ^ 

21 .  Primary  cutaneous,  primary  pulmonary,  chronic  cutaneous,  and  disseminated.  (10-1 1) 

22.  The  chronic  cutaneous Yorm.  (10-12)  - 

23.  Budding  cells.  (10-1,3)  *-  ' 

24.  The  yeast  ^>hase  of  B.  dermatitidis  is  sensitive  to  this  antibiotic  at  37°  C.  ( 1 0-1 4) 

25.  Mucus  membranes.  (10-1 6X  '  "  * 

26.  The  lungs.  (10-16) 

27.  Because  the  lesionsu  simulate  those,  caUSed  by  cutaneous  leishmaniasis,  yaws,  and  tuberculosis.  (10-17) 

28.  *  By  methods  and  materials  recommended  for  the  isolation  of  B.  dermatitidis.  (10-19) 

29.  a.  Buds  arc  quite  small  and  vary  only  slightly  in  size  ("steering-wheel"  form). 
b.  Buds  vary  appreciably  jn  size  (as  much  as  1 0  microns  in  length). 
(10-20)  %  Jt 

30.  Convert  the  yeastlike  growth  to  the  mycelial  form,vor  the  mycelial  type  growth  to  the  tissue  form.  (10-2 1 ) 

31 .  .To  establish  trie  hw.,iOgenicity  of  a-  particular  strain.  (10-22)f .  , 

32.  The  reticulo-epdothejipl  system.  (10-23). 

33.,    A  rare  case,  progresses  to  disseminated  histoplasmosis.  (10-24)  ^  i 

34.    The  clinical  material  is  best  examined  using  Wright  or  Ceimsa  stained  smears  rather  than  unstained 
mounts.  (10^55)  '  fc  '  +s 

.  37  ^  ' .  ■ 
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35.  Mononuclear  and  occasionally  polymorphonuclear  cells  (of  the  reticuloendothelial  system).  (10-26) 

36.  //.  capsulation vi  a  strict  aerob^  10-27).  \    *  k 

37.  Large  (7-25  microns  in  diameter),  round  to  pyriform  in  shape,  thick-walled,  and  usually  having  a  tubercu- 
*  lated  surfacfe.  ( 10-28) '  y  .    •  ' 

38.  j^ome  strains  of  //.  capsulation  do  not  produce  tuberculate  macroconidia.  (10-2^  w 

39.  H.  capsulatum  can  b^  converted  tb  its  yeast  form  at  37°  C.  (10-28, 29) 

40.  To  accomplish  conversion  of  those  strai^ef //.  capsulatum  which  will  not  convert  to  the  yeast  phase 
using  the  culture  technique.  (10-30) 

41 .  At  intervals  of  1 6  to  42  days  after  injection.  ( 1 0-30) 

42.  Infected  tissues  must  be  cultured  on  appropriate  media  at  379  C.jn  a  further  attempt  to  obtain  yeast 
,  phase  growth.  (10-30)      ^      ^ ,  x  m  '.'  I  ,  ^ 

43.  In  early  diagnosis  of  the  acute  pulmonary  form  of  the  disease.  (10  32)  ' 

CHAPTER  4   "*     „  ' 

1 .  In  order  to  prevent  their  being  erroneously  considered  as 'the  etiological  agents  of  mycotic  infection 
(Intro.-!) 

2.  a.  Alternaria.  e  Helminthosporium. 

b.  Cephalosporium.  /  Nigrospora.  "  ; 

c.  Cufvularia.  g.  Scapulariopsis.      t.  % 
tf.  Fusarium.     *             «  h.  Sepedonium. 

(11-2)  ■  '  •      /  :    ,  *  , 

<         3.    Because,  typically;  one  side  of  the  conidium  shotys  greater  curvature  than  the  other.  (11-7)^ 

4.  The  wormlike»shape  of  the  eonidiophore.(ll-9)  • 

5.  They  are  lempp-shaped  and  echinulated  developing  in  unbranching  chains  on  the  eonidiophores;  the  apex 
is  pointed  with  a  truncate  base.  (1 1-1 1) 

6.  -The  stalk,  the  vesicle  and  sterigmgta.  (1 1-14-17) 

7.  The  met ula.  (11-20)  '  . 

8.  cl  Absidia.  , 
b.  Mucor.  . 

C.  Rhizopus.  m  , 

d.  Syncephalastrum. 

(11-22)' 


9.    Adherence  to  the  substratum,  and  facilitation  of  assimilation  of  nutrient  material.  (1 1-25) 

10. ,  They  may  bud  directly  from  the  walls  of  the  young  hyphae  or  develop  qn  short  germ  tubes  elaborated 
by  the  older  hyphal  cells.  (1 1-29) 

11.  a.  People  who  have  chronic  debilitating  disease. 

b.  People  whose  normal  immune  response  has  been  impaired. 

02:1)         .  .  v  * 

12.  a.  Aspergillus  spp. 

b.  Members  of  the  class  Phycomcete£ 
»    c.  Pegcillium  spp. 
(12, 
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a.  Repeated  recovery  fr$m  olinical  materials.  '  ■    •  /      ,  * 

b.  Absence  of  other  pathogenic  agejitS.  * 
.  Positive  histologic  findings.  '  " 

(12^S)  ^  ^       ■  ,  ' 

14.  Because  of  the  frequency  of  cross  reactions  and  the  lack  6f  standardized  reagents.  (12-8) 

15.  a.  cranial-facial.  t 

b.  thoracic. 

c.  abdominal-pelvic.         f . .  • 

tf.  dermal.  ,v 
(12-10,11) 

16.  The  structures  include  broad  (6-15  microns  in  diameter)  aseptate,  branching  hyftiae.  A  rare  septation  may 
be  observed.  (12-1 2)  %    '       '  ' 

17.  Because  no  one  has  been  able  to  culture  this  organism.  (12-16) 

18.  -  The-  mature  sporangia  of     seeberi  are  of  considerably  greater  size  than  those  of  C.  immitis.  Also  the  endo- 

spores  of  R,  seeberi  are  lobated  and  stain  darkly  while  those  of  C.  immitis  are  nonlobated  and  ortfy  the 
endospore  wall  stains  well.  (12-18) 

19.  '   C,  bantianum  has  a  more  rapid  growth  rate;  also  b&the  extreme  length  of  its  spore  chains,  the  develop-  " 

ment  of  longer  cohidia  and  its  ability  to  grow  at  temperature  as  high  as  42°  C.  to  43°  C.  (12-22) 

CHAPTER  5 

i:    The  viruses  belong  to  the  class  Microtatobiotes,  a  name  derived  from  the  Greek  languagcmeaning  ^smallest 
living  things."  The  other  two  classes  of  the  division  Protophyta  are  the  Schizomycetes  (bacteria)  and  the 
Schizophyceae  (the  algae).  (13-9)  ,e 

2.  The  two  genera  are:  Rickettsia,  represented  by'the  spotted  and  typhus  fevers;  and  Coxiella,  which  contains 
the  agent  of  Q  fever.  (13-10) 

3.  The  physical  and  chemical  properties  of  the  viruses,  the  epidemiology  of  the  diseases  they  produce,  and 
differences  in  morphology  provide  the  basis  for  classifying  viruses  into  eight  groups.  The  presence  of 
RNA  or  DNA  in  the  nucleic  acid  core,  the  effect  of  the  parasite  on  the  host  (type  of  disease),  and  struc- 
tural features  of  the  virus  particle  are  among  the  most  important  distinctions.  (13-12)* 

4.  The  four  groups  of  the  RNA-containing  viruses  ^re  Picorn  a  viruses,  Reoviruses,  Arboviruses,  and  Myxo- 
viruses.  (13-12)  *  J 

5 .  The  DNA  viruses  are  the  P&povaviruses,  Adenoviruses,  Herpes  viruses,  and  Pox  viruses.  (13-12) 

6.  Viruses  are  inert  outside  the  cell  of  a  susceptible  host.  Viruses^Can  only  reproduce  if  they  are  able  to  pene- 
trate a  cell  and  then  redirect  host  cell  functuffisvso  that  new  virus  particles  are  formed.  Because  the  intra- 
cellular environment  of  a  host  cell  is  necessaM,  we4  speak  of  the  virus  as  an  obligate  parasite.  (13- ft) 

7.  Iwanowski  noticed  in  1892  that  filters  which  removed  bacteria  from  a  fluid  allowed  other  living  forms  to' 
pass.  These  forms  were  invisible  microscfigically  arid  they  could  not  be  grown  on  bacterial  culture  media. 
Nevertheless,  the  fact  that  these  .invisible  agSrTts^ave  rise  to  disease  when  injected  into  laboratory  animals 
revealed  their  infectious  nature.  (13-14) 

8.  The  growth  of  viruses  in  fertile  eggs,  the  development  of  tissue  culture  procedures,  and  electron  microscopy 
were  major  breakthroughs  in  research  oh, viruses.  (13-14)  /  ' 

9.  The  electron  microscope  permitted  visual  studfy  of  virus  structures  that  cannot  be  seen  with  conventional 
light  microsc^r^Details  of  morphology,  such  as  size,  shape  'arrangement  of  structural  proteins,  and 
presence  or  abs^pbe  of  an  envelope,  are  useful  in  placing  unknown  viruses  into  one  of  the  eight  major 
taxonomic  groups  for  identification.  (13-12, 14) 
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10  Viruses  contain  either  DNA  or  RNA,  never  both.  Rickettsiae  have  both  of  tkse  nucleic  acidTvTmses^ 
depend  upon  the  host  cell  for  enzymes;  many  rickettsiae  have  preformed  tftzymes.  Viruses  reproducePby 
altering  host  cell  functions  to  manufacture  nucleic  acid,  proteins  and  other  components  of  the  virus  par- 
tide.  Rickettsiae  reproduce  by  binary  fission,  similar  tq  theTrue  bacteria.  In  general  the  viruses  are  much 
smaller  than  the  Rickettsiae  and  related  organisms.  (13-15-18)  „ 

1 1 .  Although  viruses  may  dtffer  somewhat  in  morphology*  depending  upon  the  conditions  under  which  they 

'    a^e  grown  in  the  laboratory,  the  basic  design  conupon  to  aU  iata  core  of  nucleic  acid  syrrounded  by  a  pro- 
tein shell.  (13-20)  *  * .  . 

12.  In  the  cubic  capsid  the  protein  structural  components  are  arranged  into  morphological  grgups  or  capso- 

• '    meres,  which  foriq  a  spherical  shell  (capsid)  arounefche  nucleic  acid  core.  This  shell  generally  gives  a  poly- 
hedral .appearance,  i.e.  with  the  capsomeres  arranged  in  several  plane  surfaces  on  the  sphere.  In  the  helical 
capsid  the  protein  structural  units  are  laid  down  in  a  spiral  configuration  around  the  nucleic  acid  core. 
This  arrangement  leads  to  an  elongated  body  (capsid)  whose  external  appearance, is  that  of  a  short  rod. 

-  (13-20-22) 

13.  The  capsid  stabilizes  the  nucleic  acid  qo^e,  protects  tfie  core  when  the  virion  is  outside  the  celf,  and  pro- 
bably assists  in  attachment  of  the  virion  to  a  cell  of  the  host .  ( 1 3-24) 

14.  The  nucleic  acid  core  of  the  virion  contains  the  genetic  code  to  be, used  by  the  host  cell  in  manufacturing* 
virus  protein,  nucleic  acid,,  and  all  other  components  built  into  new  virus  particles.  (13-25) 

15.  Cell  degeneration,  tumor  formation,  or  steady  state  infections.  (13-26) 

1 6.  The  Enteroviruses,  which  include  fhe  polio  ai\d  coxsackie>an(J  echoviruses.  (14-3, 4) 

1 7.  Reoviruses.  ( 1 4-7) 

18.  Group  A    -   The  encephalitci  diseases  carried  by  mosquitoes. 
Group  B     -   Yellow  fevV (mosqOito)  and  tic^borne  encephalitides  (tides). 
Group  C     -   Phlebotomus  \ever  (sand  fly). 
(14-8) 

19.  Pox  viruses  can  usually  be  isolated  from  skinjesic^is  (vesicles,  pustules)  and^from  saliva  and  mucous 
secretions  at  certain  stages  of  th^Jisease.  (14-7) 

20.  Rickettsiae.  (14-19)  - 

2f .    The  rickettsiae  contain  both  DNA  and  RNA.  Viruse\  contain  one  or  the  other,  but  not  both  RNA  and 
DNA.  (14-20) 

22.  The  psittacosis  agent  belongs  to  the  commonly  labeliek^Psittaco'sis  -  Lymphogranuloma  venerium 
Trachoma  group;  more  recently,  it  has  been  classed;  among  the  Bedsoniae.  (14-23-25> 

23.  Many  viruses  tend  to  be  localized  in  certain  tissiteHjCMcyoint  in  the  disease  pr6cess,  although  they 
may  be  disseminated  .throughout  the  body  at  other  specttfc  times.  Hence,  knowledge  of  the  type  of 
specimen  to  collect  in  a  suspected  virus  infection  improvi^the  chances  for  detection  or  isolation  of  the 
causative  agent.  (15-3) 

24.  Convalescent  serum  is  collected  2  to  3  weeks  after  onset  of^ymptoms  or  just  before  the  patient  leaves 
the  hospital,  if  the  specimen  will  not  otherwise  be  obtainable.  The  timejapse  alter  infectipn  permits  anti- 
bodies to  the  virus  to  be  formed.  These  antibodies  can  be  deleted  and  measured  as'an  aid  in  diagnosis. 
(15-4) 

Drying  and  room  temperatures  are  harmful  to  viruses,  i.e.,  will  inactivate  them.  (15-5^ 

Many  authorities  believe  that  the  following  comprise  the  minimum  set  of  specimens:  a  throat  swab  or 
Nasopharyngeal  washings;  a  stool  specimen  or  rectal  swab;  and  a  blood  sample.  (1 5  J) 

Afthir-fold  increase  is  usually  significant,  i.e.,  1-40  versus  1-10  in  the  acute  serum.  (15-9)- 
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28.  Virus  particles  tend  to  b t  present  in  feces  in  relatively  small  numbers.  A  large-portion  of  specimen  (5-10 
^gram),  when  concentrated  by  the  virologist,  improves  the  probability  of  isolating  a  virus,  ( f  5.  II) 

29.  Ar^equaJ  ^olume  of  50-percent  glyce^fn,  (15-14)  . 

30.  Laboratory  animals,  cell  cultures  (tiWrtfiltures),  and  fertile  eggs,  (15<20) 

3 1 .  Microscopic  studies  of  cytopathic  .effects  or  viru^norphology ,  ( 1  S-l  9, 24) 

32.  Penological  tests  help  diagnose  viral  diseases  by  demonstrating  changes  in  serym  antibody  levels  during 
infection,  (15-25)  *  m 

33.  Hemolysin  -  an  antibody  to  sheep  red  cells  -  js  used  as  a  component  of  the  "indicator"  system.  The  other 
components  are  sheep  £ffC  and  guinea  pig  complement.  In  the  presence  of  complement,  the  hemolysin 

*   .   lyses  the  RBC,  indicating*  negative  C-F  reaction.  (15-28, 29) 

34.  Virus  infections  give  rise^in  the  patient's  scram  to  neutralizing  antibodies,  Thesp  antibodies  will  combine 
with  their  specific  viruses  in  laboratory  tests  rendering^  virus  particles,noninfective.  Hence,  we  have  a 
procedure  for  identifying  an  unknown  virus  (by  knowing  which  antibodies  are  present),  or  for  identifying 

,  a  patient's  antibodies  (and  thus  h&  disease)  if  a  known  virus  is  used  in  this  test,  (1 5-30, 31) 

35.  A  positive  antigen-antibody  reaction  is  revealed  by  a  visible  precipitate  in  a  transparent  medium  at  the 
point  where  antigen  and  antibody  combine  in  optimum  proportions.  (15-33)  . 
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I:  MATCH     ANSWER  2.  USE     NUMBER  I 

STOP-     «■    SHEET    TO    THIS  PENCIL.  « 

»   .  EXERCISE  NUM. 

W  BER. 


90412  04  21 

VOLUME  REVIEW  EXERCISE  * 


Cirefiilly.  read  the  following:  >  ' 

DO'S 

1 .  Checfc  the  "course,"  'Volume,"  and  "form"  numbers  from  the  answer  sheet  address  tab  against  the 
"VRE  answer  dieet  identification  number"  in  the  righthand  column  of  the  shipping  list.  If  numbers 
do  not  match,  take  action  to  retiirn  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with 
a  note,  ofiexplanation.  * 

2.  Note^hat  numerical  sequence  on  answer  sheet  alternates  across  from  column  to  column. 

3.  Use  dnly  medium  sharp  #  1  black  lead  pencil  for  marking  answer  sheet. 

4.  Circle  the  cdrrect  answer  in  this  test  booklet.  After  you  are  sure  of  your  answers,  transfer  them  t6 
the  answer  sheet.  If  you  hgyc  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is 
complete:  Use  a  cfein  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor.  f 

If  voluntarily  enrolled  student  ,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 

DONT  ■  v 

:  \    ■  • 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for«4ch  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks  J)ouble  marks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fol8J  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don't  use  ink  or  any  marking  other  than  with  a  #  1  blade  lead  pencil. 


Note:  The  3-digit  number  in  parenthesis  immediately  following  each  item  number  in  this  Volume 
Review  Exercise  represents  a  Guide  Number  in  the  Study  Reference  Guide  which  in  turn  indicates 
the  area  of  the  text  where  the  answer  to  that  item  can  be  found.  For  proper  use  of  these  Guide 
Numbers  in  assisting  you  with  your  Volume  Review  Exercise,  read  carefully  the  instructions  in 
the  heading  of  the  Study  Reference  Guide. 

#» 
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Multiple  Choice 
Chapter  1 


2. 


(400)  The  class  Phycomycetes  is  characterized  by  the  development  of 

.  a .  broad  septate  hyphae.  c .  ectospores. 

b.  broad  aseptate4yphael  d.  thallospores. 

(400)'  The  members  of  the  class  Deuteromycetes  are  sailed  the  "fungi  imperfecti"  because  they 


a .  lack  a  demonstrable  means  of  sexual  reproduction. 

b.  cause  the  most  serious  diseases  in  man. 

c .  do  not  exist  nr  perfect  yeast  ftjrtn. 

d.  reproduce  only  sexually.  s 


V 


3.    (401 )  A  mass  of  hyphae  is  correctly  referred  to  as  a 


l>   a.  perithecium. 
b.  mycelium. 


4. 


c.  basidium. 

d.  sporangium. 


^401)  In  direct  microscopic  examination  of  f  Algal  growth,  the  feature  which  is  of  least  diagnostic  value  is 
the  v  , 


a.  type  of  hypha. 

b,  type  of  spore  and  spore-bearing  structure. 


^c.  hypha  and  spore-bearing  structure  relationship, 
d.  spore-hyphal  relationship. 


(400)  The  most  important  function  Of  the  spore  is 

a.  protection  from  adverse  environmental  conditions. 

b.  duplication  of  the  species. 

c.  dispersal  of  the  fungus.  v 

d.  incorporation  of  nutrient  material. 


6.    (401)  Macroconidia  are  characteristically 

a .  borne  in  a  saclike  membrane. 
1  b.  small  and  multicellular. 


7.    (402)  the  most  serious  mycoses  are  caused  by  the  fungi  described  as 


T 

c.  large  and  multicellular, 
d  3  rare*  and  unicellular. 


a.  subcutaneous. 

b.  superficial. 


c.  cutaneous. 

d.  systemic. 


(403)  A  patient  with  a  tinea  capitis  infection 

a .  always  exhibits  fluorescence  under  a  Wood's  lamp. 

b.  never  exhibits  fluorescence  under  a  Wood's  lamp. 

c .  may  exhjjftt  fluorescence  under  a  Wood's  lamp. 

d.  need  not  be  re-examined  in  the  absence  of  fluorescence. 


V) 


9.    (403)  When  forwarding  specimens  or  isolates  to  a  reference  laboratory,  it  is  best  to  use 


a.  cotton-plugged  tubes. 

b.  screw-capped  tubes. 


c.  sealed  petri  dishes. 

d.  tightly  sealed  prescription  bottles. 
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10.  (404)  The  main  advantage  the  slide  culture  has  over  other  cultural  methods  is  that  it  permits 

a.  the  preparation  of  permanent  mounts.  c.  a  simple,  rapid  diagnosis.  * 

b„  microscopic  examination  without  disturbance,  d  The  use  of  less  strict  aseptic  technique. 

1 1 .  (404)  A  disadvantage  in  the  use  of  scotch  tape  wet  mount  ft  that  it 

a.  destroys  or  damages  the  structural  relationship* of  the  fungus. 

b.  subjects  the  fungus  to  more  trauma. 

c .  is  more  difficult  to  use.  v  '  " 

d.  cannot  be  preserved  for  future  study. 

« 

12.  (402)  The  fungi  differ  from  bacteria  in  all  of  the  following  except 

a.  size.  c.  growth  rate. 

b.  nutrient  requirements.  d.  optimum  pH  requirement  for  growth. 

13.  ^  (403)  For  which  of  the  following  diseases  is  there  no  isolation  medium  available  at  the  present  time? 

a.  Sporotrichosis.  c.  Rhinosporidiosis. 

b.  Mycetoma.  d.  Tinea  nigra. 

14.  (404)  The  India  ink  wet  mount  technique  is  used  primarily  to  detect  C  neoformans  in 

a,  spinal  fluid.  c.  nocardiosis.  ^ 

b.  all  body  fluids.  d.  geptrichosis. 


a.  geot 
*  / 


15.  (404)  The  careful  mycology  worker  should  treat  every  specimen  received  in  his  department  as  If  it 
contained 

a.  an  avirulent  agent.  c.  a  challenge  to  his  diagnostic  ability. 

b.  a  possible  virulent  agent.  d.  a  highly  virulent  agent. 

16.  (404)  The  KOH  wet  mount  is  used  to 

a .  detect  the  presence  of  fungal  structures.  c.  determine  if  a  culture  is  necessary. 

b.  identify  fungal  agents.  d.  eliminate  saprophytic  fungal  structures. 

17.  (403)  If  fungal  elements  are  not  observed  in  a  10-percent  KOH  mount  of  clinical  material,  the  specimen 
should  be 

a  .  reported  as  negative. 

b.  cultured  on  two  tubes  of  Sabouraud's  dextrose  agar  at  both  25°  C.  and  37°  C. 

c.  discarded  aseptically. 

d.  cultured  only  at  room  temperature. 

1 8.  (405)  Infections  caused  by  the  pathogenic  yeastlike  fungi  are  usually  the  result  of 

a.  opportunistic  hosts.  c.  inhalation  of  infective  spores. 

b.  skin  puncture.  d.  physiological  changes  in  the  host. 

19.  (404)  Which  of  the  following  is  not  a  growth  characteristic  of  the  fungi? 

a.  Structural  relationslyp.  c.  Surface  topography. 

b.  Tecture.  w  d.  Front  pignientation. 
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20.  (403)  Following  direct  examination  of  sputum  for  fungal  structures,  a  Wright  or  Giemsa  stain  should  be 
^                  accomplished  to  aid  in  revealing  the  presence  of 

a.  Nocardia  species.    •*  .  c.  Cryptococcus  neoformans. 

b.  Histoplasma  capsulatunu  d.  Coecidioides  immitis. 

21 .  (404)  The  techniques  used  in  medical  mycology  are  similar  to  those  used  in  medical  bateriology,  except 
that  in  mycology  more  reliance  is  placed  on  . 

*      \  a.  fermentation  reactions.  c.  colonial  and  microscopic  morphology, 

b.  serological  tests.  d.  the  isolation  of  pure  colonies. 

22.  (402)  Antibiotics  may  be  incorporated  into  mycology  media  to  inhibit  contaminating 

a .  mycosis.  c.  medically  important  fungi. 

b.  hyphae.  d.  bacteria  and  saprophytic  fungi. 

•r 

^  Chapter  2  1 

23.  (41 1)  Cervico-facial  actinomycosis  frequently  develops  as  a  result  of 

a.  inhalation  of  infective  spores.  c.  blood  stream  dissemination. 

b.  tooth  extraction.  d.  working  with  cattle. 

24.  (405)  A  common  procedure  used  to  confirm  a  diagnosis  of  Candida&lbicans  requires  the  demonstration  of 

a.  chlamydospores.  c.  pseudomycelium. 

b.  arthrospores.  d.  true  mycelium. 

^       25.    (406)  An  accurate  diagnosis  of  tinea  versicolor  is  dependent  on 

a.  fluorescence  under  ultraviolet  light. 

/  *b.  direct  microscopic  examination  in  wet  mount. 

c.  colony  characteristics  on  artificial  media. 

d.  both  fluorescence  under  ultraviolet  light  and  colony  characteristics  on  artificial  media. 

a 

26.    (409)  £1  floccosum  differs  from  the  other  termatophytes^by  virtue  of  the  fact  that  it  will  not  invade  the 

-  a.  nails.  c.  hair. 

b.  skin.  d.  subcutaneous  tissue. 

27:    (410)  Most  infections  witb  chromoblastomycosis  are  traceable  to 

a .  inhalation  of  infective  spores.  % 

b.  areas  of  the  United  States. 

c .  human  to  human  exchange. 

d.  wounds  contaminated  with  soil  or  vegetable  matter. 

28.    (408)  From  the  standpoint  of  disease  severity,  granular  T.  mentagrophytes  differ  from  downy  T.  menta- 
grophytes  in 

a .  being  less  virulent.    4  c.  being  avirulent. 

b.  being  more  virulent.  d.  only  in  rate  of  growth. 
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29.    (405)  Pityrosporum  ovale  may  best  be  differentiated  from  the  other  yeastlike  fungi  by  its  requirement 
for  oleic  acid  and  ' , 

a.  the  presence  of  dandruff. 

b.  its  cream  to  tan  colony  color. 

c .  the  presence  of  mycelium. 

d.  the  presence  of  a  cross-wall  between  the  mother  cell  and  the  bud. 
r  '  ^ 
37)  The  fungi  which  causes  ringworm  in  dogs  and  cats  as  well  as  humans  is  called 

a.  Microsporum  cams  c .  Microsporum gypseum. 

b.  Microsporum  audouinit  ,  d.  Epidermophyton  floccosum. 

31 .  (41 2)  Nocardia  brasiliensis  is  most  often  associated  with  •* 

a.  pulmonary  nocardiosis.  '  Ai    c.  nocardiosis  of  the  central  nervous  system. 

b.  mycetomal  nocardiosis.  d.  penetrating  thoracic  Aocardiosis. 

32.  (4jjg)  The  dermatophytes  generally  limit  themselves  to  the  hair,  skin,  and  naiij  because  they 

a .  will  not  grow  in  the  presence  of  Keratin. 

b.  will  not  grow  in  the  absence  of  Keratin. 

c .  are  classified  as  Cutaneous  fungi. 

d.  may  be  inhibited  by  substances  in  other  Jbody  tissues. 

33.  (41 0)  The  sclerotic  bodies  formed  in  tissue  by  the  various  species  of  chromoblastomycotic  fungi  are 

\.  of  less  diagndstic  value  than  serological  tests, 
b.  all  dissimilar. 
;      c.  all  identical. 10  £ 

d.  of  less  diagnostic  value  than  animal  inoculation  tests. 

34.  (411)  The  most  useful  physiological  characteristic  of  Actinomyces  israelii  an3  Actinomyces  bovis  in 
differentiation  from  saprophytic  forms  is  their 

a.  pH  requirement.  c.  media  requirement. 

b.  incubation  temperature.  ■*  d.  anaerobiasis.  v 

?5.    (405)  An  identifying  characteristic  of  Geo trichum  cafuUdum  is  its  ability  to 

a .  change  its  morphology  as  it  matures.  c?  produce  secondary  infections. 

b.  cause  colitis.  d,  cause  mild  respiratory  infections. 

16.  (405)  The  microscopic  finding  of  blastospores,  pseudo,  and  true  mycelium  in  wet  preparation  should 
suggest  the  presence  of 

a.  Trichosporon.  c.  Cryptococcus spp. 

b .  Geotrichum  candidurn  d.  Candida  albicans 

17.  (407)  Tinea  capitis  is  more  prevalent  in  the  United  States  among 

a-  b°ys*  c.  animals. 

b-  g^s-  U  adults. 
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38.  (4l  1)  The  members  of  the  genera  Actinomyces,  Nocardia,  and  Streptomyces  are  all  members  of  the  class 

a.  Ascomycetes.  4    ■  %  c.  Schizomycetes. 

b.  Eumycetes.  d*  Deuteromycetes.  \ 

39.  (411)  Clinical  material  in  suspect  cases  of  actinomycosis  should  always  be  searched  carefully  for 

;  a.  "sulfur  granules."  ,  c.  blood. 

.  b.  pus.      m  d.  clubs.  ' 

40.  {405)  Which  of  the  following  tests  is  least  useful  in  identifying  Cryptococcus  neoformans? 

a.  Mouse  pathogenicity.  c.  Serological. 

b.  Urease.  ,  d.  Nitrate  and  sugar  assimilation.  . 

I 

41.  (410)-  Which  of  the  following  is  not  a  type  of  sporulatiofa  demonstrated  by  the  species  causing  chromo- 
blastomycosis?  \ 

a.  Acrotheca.  c.  Disjunctor. 

b.  Phialophora.  d.Cladosporium.  - 

42.  (407)  Wet  mounts  from  cultures  of  M.  canis  display.. 

a.  many  macroconidia  and  many  microconidia.    c.  few  macroeonidia  and  many  microconidia. 

b.  many  macroconidia  and  few  microconidia.       d.  few  ipacrOconidia  and  few  microconidia. 

43.  (406)  Cases  of  finea  nigra  generally  exhibit 

a  .  a  single  lesion  on  the  hand. 
4>.  multiple  lesions  on  the  hand. 

c.  a  single  lesion  on  the  other  parts  of  the  body. 

d.  multiple  lesions  on  other  parts  of  the  body. 

44.  *  (405)  The  ability  of  Cryptococcus  spp.  to  grow  at  37  C.  indicates  that  it  is 

V  ' 

a.  definitely  C  neoformans.  c.  probably  a  saprophytic  strain. 

b.  definitely  a  saprophytic  strain.  <         4        d.  possibly  C.  neoformans.  % 

-  I 

45 .  (41 2)  Both  Nocardia  spp.  and  Af.  tuberculosis  grow  readily  on  media  used  for  tubercular  cultures;  however, 
theytmay  be  differentiated  on  the  basis  of^ 

a.  incubation  temperature/  c.  Oram  stain. 

b.  .  growth  Late.  d.  coloniil  morphology. 

46.  (407)  The  use  of  antibiotics  in  Sabourairt's  dextrose  agar  when  culturing  the  dermatophytes  permits  the 
worker  to 

a .  decrease  the,  pH  to  between  6.8  and  7.0.         c .  elevate  the  pH  to  between  6.8  and  7.0. 

b.  incubate  at  25°  C.  to  30°  C.  d.  elevate  the  pH  to  between  5.8  and  6.0. 

.  / 

47.  (408)  "Black  dot,"  ringworm  infections  of  the  scalp  are  the  result  of  a  type  of  hair  invasion  called 

a.  endothrix.  c.  ectothrix. 

b.  favic.  d.  wedge  perforation. 
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48.  (405)  The  yeastlike  fungus  Candida  albicans  is  usually  classified  as 

a.  superficial.  c.  corneous. 

b.  subcutaneous.  V  systemic/ 

49.  (409)  The  macroconidia  of  Keratinomyces  ajettoi  characteristically  are 

a.  cylindro-fusiform.  yc^elliptically  shaped. 

b .  spindle-shaped.  d .  ovate  to  pyriform  in  shape . 

50.  (406)  Black  piedra  is  a  superficial  disease  of  the  ^ 

a-  '  c.  hair, 

b.  skin  and  hair.  .  d.  mucous  membranes. 

51.  (410)  Mycetomas  caused*  by  the  maduromycotic  fungi  may  be  distinguished  from  those  caused  by  the  , 
Actinomyces  and  Nocafdia  spp.  on  the  basis  of  hyphal  diameter  and  '  J 

a.  "grain"  production.  c.  "grain"  characteristics.-/ 

b .  clinical  symptoms.  .  d .  chlamydospore  production . 

52.  (405)  The  yeastlike  fungi  which  reproduce  solely  by  simple  budding  and  have  the.  ability  to  encapsulate 
"^called        .  '  r 


/ 


a.  Candida.  '  c.  Gyptococcus. 

b.  Gtotrichum.  d.  Trichosporon. 

Chapter.  3 

53.    (414)  Which  of  the  following  ismost  useful  in  establishing  a  confirmatory  diagnosis  of  coccidioidomyco. 


54./  (414)  Which  clinical  form  of  North  American  blastomycosis  most  closely  resembles  the  clinical  picture 
I  seen  in  cases  of  sporotrichosis? 

a.  Disseminated.  c.  Primary  pulmonary. 

b.  Chronic  intestinal.  d.  Primary  cutaneous. 

5,5.    (41 5)  With  reference  to  the  mold  form  of  Histoplasma  capsulatum,  the  term  "tuberculate"  is  used  to 
describe  the  < 
*. 

a.  macroconidia.  "  c.  microcornea. 

b.  hyptye.  ^    ,   •  ••'  d.  simple  budding  yeast  cells. 


a .  Precipitin  testing.  c .  Complement-fixation  tests. 

,b.  Animal  inoculation.  d.  Each  is  equally  useful.  • 


56.  (44  5)  How  should  clinical  material  be  examined  for  HistoplasmosisKapsulatum? 

a .  In  stained  wet  mounts,  c .  In  unstained  wet  mounts. 

b.  In  Wright  or  Giemsa  stained  smears.  dV  By  all  the  above  techniques. 

57.  (413)  The  yeast  phase  cells  of  S.  schenkii  are  more  easily  observed  when  using 

a .  Wright  or  Giemsa  stain.  '  fc .  fluorescent  antmody  techniques. 

b.  the  slide  culture  technique.      ,  d.  unstained  direct  preparations. 
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58.    (415)  In  order  to  confirm  a  cultural  diagnosis  of  South  American  blastomycosis,  it  is  essential  to 

/  *  . 

a.  perform  animal  inoculation  tests.       •  c.  perform  complement-fixation  tests. 

b.  demonstrate  conversion  capability.  '  d.  perform  intradermal  skin  tests. 

*  ■  "        .  -'V 

59<&  (414)  Which  organism  is  the  causitive  agent  of  the  disease  sometinjes  referred  to  as  "valley  fever"? 

a.  C  immitis.  c.  C.  neoformans. 

b.  S.  schenckil  t  d.  H.  capsulatum. 

60.  (4l5)  Which  of  the  following  is  the  best  method  for  diagnosing  infections  of  histoplasmosis? 

a.  Animal  inoculation.  c.  Serologics  techniques. 

b.  Cultural  diagnosis.  *  d.  Fluorescen^ntibody  techniques. 

61 .  (415)  South  American  blastomycosis  is  caused  by 

a .  Paracoccidioides  brasiliensis.  c .  Histoplasma  capsuliifum 

b.  Coccidioides  immitis.  i.  Blastomyces  depnatitidis. 

62.  (413)  The  parasitic  or  yeast  phase  of  Sporotrichum  schenkii  produces  cells  best  described  as 

a.  arthrospores.  c.  sporophores. 

b.  pyriform.  d.  "cigar  bodies." 

63.  (413)  A  difnorphic  funguses  a 

a .  saprophyte  at  37°  C.  c .  filamentous  mold  at  25°  C. 

b.  parasite  at  25°  C.  d.  mucoid  yeast  at  25°  C. 
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64.  (414)  Addition  of  sterile  normal  saline  to  unopened  culture  tubes  containing  mycelial  growth  of  systemic  \ 
fungi  is  essential  to 

a.  slow  the  growth  rate.  c .  prevent  the  media  from  drying  out. 

b.  retard  aerosol  formation.  d.  allow  thorough  absorption  of  nutrients. 

65.  (414)  What  is  the  most  common  manner  of  becoming  infected  with  the  systemic  dimorphic  fungi? 

a.  Inhalation.  -  rc.  Fomites.         ^  .  1 

b.  Absorpticyi.  .  v  d.  Trauma. 

66.  (414)  In  which  of  the  following  areas  is  coccidioidomycosis  endjemic? 

a .  Southeast  Xsia.  ^    c.  Southwestern  United  States. 

b.  Africa.  d.  Ohio  Valley.  '  . 

Chapter  4  j  f 

67.  (411)  The  branching  brush-like  conidiophore  of  the  genus  Penicillium  is  often  referred  to  as 

a.  asterigma.  c.  complex. 

b.  a  metula.  d.  simple. 

68.  (416)  Which  of  the  following  is  absent  in  Curvularia  spp.  ?  * 

a.  Dematiaceous  hyphae.  c.  Unbranched  conidiophores. 

b.  Reverse  pigment.  d.  A  cottony-type  colony. 
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(416)  The  saprophyte  Sepedonium  closely  resembles  some  strains  of  theflbnus  *  1 

a.  Histoplasma  capsulatutm  c.  Coccidioides.  * 

b.  Blastomyces^  ,  *         d.  Paracoccidioides, 

(418)  Laboratory  identification  of  rhinosporidiosis  is  dependent  on  *  - 

a direct  examination  of  clinical  material.  c .  clinical  observation  and  histologic.examinatioij.  * 

b.  cultural  studies.  d.  immunologic  and  animal  inoculation  tests. 

(418)  The  mo^  important  clinical  condition  predisposing  a  phycomycotic  infection  is  probably 
*  •     *  $ 

a.  diabetes mellitus,  c.  uremia. 

b.  prolonged  use  of  antibiotics  and  steroids.        d.  malnutrition. 

(4 1 8)  The  usual  causative  agent  of  pulmonary  aspergillosis  is  - 

a .  Aspergillus  niger.  c .  Aspergillus  flavus. 

b.  Aspergillus  amstelodaml       a  d.  Aspergillus  fumigatus. 

(416)  The  genus  name  Helminthosporium  has  most  probably  originated  as  a  result  of  the  wormlike  shape 
of  the  ■ 

a.  conidia.  c,  conidiophdre,  ^ 

b.  hyphae.  >       d.  colony. 

(4  H)  Which  of  fhe  following  saprophyte  having  a  characteristic  thallus,  first  displays  a  pasty  yeastlike  * 
colony  which  later  becomes  velvety  and  cottony? 

a .  Rhodotorula  spp.  c .  Aureobasidium  pullulans. 

b.  Streptomyces  spp.  d.  Geotrichum  spp 

c 

(417)  A  fumigatus  is  set  a^art  from  ,4.  clavatus  by  #s  ^ 

a.  flask-shaped  vesicle.      /  c.  upbranched  chains. 

b.  growth  ability.         .  /      d£srnooth  stalk. 

(416)  The  macroconidia  of  Altemaria  spp,  have^^O 

a .  no  septations.^  c .  transverse  septations  only. 

b.  both  transverse  and  longitudinal  septations.      d.  longitudinal  septations  only. 

(418)  Cladosporium  bantianum'mzy  be  differentiated  from  Cladopsqrium  carrioniijan  the  basis  of  all  of 
the  following  except  the 

a.  growth  rate.  ,  c.  development  of  longer  conidia.  ^         ,  - 

b.  length  of  spore  chains.  d. "inability  to  liquify  gelatin. 


Chapter  5 

(420)  What  part  of  th*  mature  vims  particle  carries  ti^e 'genetic  coding  infopfnation  for  virus  reproduction^ 

a.  Nucleic  acid  core.  "  '  c.  Envelope.     1  ^  ,  £ 

b-Capsid.  fl  d.  Ribosome. 
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79^(419)  Which  of  thpfoUowing»rJ&mrty  developed  techniques  has  simplified  the  isolation  of  virus  cultures 
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.  Atypical  antibody  levels.     „  -  c.  Replicate  plating, 

b.  Tissue  culture  mgthods.  d/ Agar  plate  diffusia 


80.  (421)  Which  one  of>the  following  members  of  th^Psittacosis-Lymphogranuloma  venereum-TraqJjwnk 
(PLT)  group  c&uses  a  venereal  disease  that  commonly  affects  the  eyes  of  ne>t-born  infants? 

<a.  Psittacosis  agent.  c .  Traqhoma  agent . 

U.  Lymphogranuloma  venereum  agent.  d.  Inclusion  conjunctivitis. 

81 .  (421)  The  fouri  groups  Ribonucleic  acid  (RNA)  virusefcan  generally  be  distinguished  from  the  DNA 
viruses  on  the  b&sis  of  symmetry  of  the  protein  in  the  coat,  presence  or  absence  of  an  envelope,  the  type  of 
ribonucleic  acid,  and 

a.  inactivation  by  ether.  c.  inactivation  by  monovalent  cations. 

b.  susceptibility  to  phage.  d.  microscopic  morphology. 

V 

32.    (420)  The  protein  coat  of  the  mature  virus  particle  is  known  as  the 

a.  capsomere.  c.  virion. 

b.  capsid.  C_  d.  envelope.  - 

s. 

83.  (423)  In  the  complement-fixation  procedure,  two  systems  are  set  up,  i.  e.,  the  test  system  and  the  indicator 
system.  Whjfch  of  the  following  comprises  the  indicator  system? 

a.  Serum,  viral  antigen,  and  complement. 

b.  Serum,  sheep  RBC,  and  hemolysin* 

c .  Sheep  red  blood  cells  and  hemolysin  (antibody  to  sheep  RBC). 

d.  Complement,  sheep  RBC,  and  serum. 

84.  (422)  In  preserving  clinical  specimens  for  virus^isplatidh  attempts,  which  of  the  following  factors  is  of 
greatest  importance?  * 

a .  Selection  of  multiple  specimens  and^rotection  from  freezing. 

b.  Distance  from  the  virus  laboratory  and  time  in  fransit.  ? 

c .  An  adequate  clinical  history  and  collection  of  paired  sera. 

d.  Protection  from  drying  and  high  temperatures. 


85.  (421)  In  collecting  specimens  for  isolation  attempts  in  a  smallpox  epidemic,  you  would  take  samples  of 
which  tissues? 

*» 

a .  Pustules,  mucous  secretions,  and  saliva. 

b.  Feces,  urine,  and  saliva. 

c.  Pustules,  blood,  and  urine. . 

d.  Mucous  secretions,  liver  biopsy  material,  and  blood. 

86.  (419)  Classification  of  viruses  today  is  based  on  the  presence  or  absence  of  deoxyribonucleic  acid^DNA) 
or  ribonucleic  acid  (RNA),  along  with  other  features.  Of  the  four  virus  classification  groups  listed  below, 
.which  one  has  RNA? 

a.  Adenoviruses.  c.  Paspvaviruses. 

b.  Herpesviruses.  s  d.  Picornaviruses. 
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87./  (423)  If  you  mix  dilutions  of  the  patient's  serum  with  a  known  virus  and  inoculate  the  mixture 
ti^le  cultures,  or  animals,  you  are  performing  which  virus  diagnostic  test? 

a.  Hemagglutination  inhibition.  c.  Neutralization. 

b.  Complement  fixation.  r      -       d.  Adsorption  inhibition. 

"  88.    (422)  Why  is  it  necessary  to  obtain  paired  serum  specimens  2  or  3  weeks  apart  in  diagnosing  a  virus^disease? 

a.  Virus  isolations  are  made  more  easily  as  the  disease  pf^resses.  .  *  » 

b.  Antibodies  are  usually  not  formed  during  the  early  phase  of  the  disease,  and  the  first  specimen  provides 
V     a  base  line  for  tfte  second  in  testing  antibody  levels, 

c.  The  second  specimen  serves  as  a  reserve  supply  of  sepm  if  the  first  becomes  contamiiEnRi  or  is  lost  in  s 
transit.  f\J 

d.  Antibodyjitir  drops  rapidly  after  the  first  week  of  infection,  and  this  decrease  gives  an  indication  of  the 
patient Vt^te  of  yecowry. 

,     *  \  9 

89.    (423)  A  study  of  pathological  changes  in  a  mouse  inoculated  with  a  portion  of  a  clinical  specimen  repre-  - 
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nts  principally  which  approach  to  virus  diagnosis?  -*  , 

a.  Microscopic  techniques.      *  c.  Virus  cultivation. 

b.  Serological  studies.  d.  Tissue  (cell)  culture.  ^  «v 

90.  (422)  What  institutes  a  minimum  set  of  specimens  for  the  diagnosis  of  viral}  infections  acj^rding  to 
general  guide  UpesTpggMted  by  authorities  in  the  field  of  virology?  * 

a.  Skin  scrapings,  throat  swab,  and  urine.  * 

b.  Throat  smb  or  nasal  washings,  a  stool  specimen  or  rectal  swab,  and  clotted  blood. 
i       c .  Serum  sample ,  urine ,  and  throat  washings; 

d.  A  throat  swab,  a  stool  specimen,  and  a  clinical  history..  , 

91 .  (423)  Gel  diffusion  procedures  in  serology  rely  for  success  on  what  basis? 

a.  The  gajjpna  globulin  fraction  of  the  patient's  serum  can  be  coupled  to  fluorescent  dyes  without  losing 
>           specificityifor  antigen.  .  f 

b.  The  growth  of  tissue  cells  in  a  depression  carved  in  an  agar  plate  attracts  bipolar  antibodies  from  the  agar. 

c.  A  visible  antigen-antibody  reaction  results  from  the  diffusion  of  antigen  and  antibody  through  a  solid 
menstrum. 

d.  Pooled  Group  0  blood  cells  agglutinate  when  virus  particles  grown  in  tissue  culture  are  adsorbed  onto 
these  cells.  *  . 

v 

92.  (420)  During  virus  replication,  protein  components  and  nucleic  acid  elements  for  newly  manufactured 
virus  particles  are  assembled  by  , 

a.  extracellular  exoenzymes.  *  c.  random  spontaneous  polymerization. 
\^b^ieigh^ring  cells.                                    d.  the  host  cell. 

93.  (419)  According  to  Bergey's  Manual  on  classification  of  microorganisms  (7th  Edition),  which  two  orders 
fall  within  the  class  Microtatobiotes,  the  rickettsial  and  vim  organisms? 

a  .  Virales  and  Rickettsiales.  *    c.  Miyagawanella -and  Rickettsials, 

b.  Virales  and  Chlamydiaceae.         *  d.  Chlamydia  and  Coxiella.  ? 

94.  (421)  The  Papovavirus  group  of  DNA  viruses  gains  its  name  from  a  vims  common  to 

a.  mice  only.  c.  man  and  rabbits.  ' 

b.  monkeys  only.  d.  mice  and  rabbits.  * 
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(422)  To  preserve  clinical  specimens  for  a  period  of  a  few  hours  prior  to  shipment,  what  means  of  preser- 
vation would  you  choose?  v  1  ^ 

a.  Store  at  room  tepiperature.  c.  Add  an  equal  volume  of  50  percent  glycerin. 

b.  Freeze  specimens  at  -70°  C  *  d.  Store  specimens  at  4°  C. 

(420)  Which  of  the  following  statements  is  accurate? 

a .  Viruses  are  facultative  parasites.  ^       -        c  .  Viruses  are  obligate  parasites.  %  * 

b.  Viruses  are  facultative  saprophytes.  d.  Viruses  are  obligate  saprophytes. 

(42 1 )  Which  one  of  the  following  statements  about  the  Arboviruses  is  not  correct?  ^    *  ^ 

a .  Some  arthropod-borne  viruses  multiply  in  man  or  animals  as  well  as  in  their  primary  blood-sucking  hotfs, 

b.  A  viremia  (viruses  in  the  blood  stream)  is  apparently  necessary  for  natural  transmission  by  arthropo4s, 
bi|t  in  some  instances  secondary  jnfectioniin  animals  can  arise  from  contact  between  animals, 

c.  Arboviruses  contain  RNA  but  not  DNA(y 

r  d.  Group  A  viruses,  represented  by  tastern,  Western,  and  Venezuelen  encephalitis,  are  transmitted  by 
mosquitoes*  ticks,  and  certain  species  of  jriting  flies.  " 

(420)  What  are  the  two  syttunetries'or  configurations  intq  which  virus  protein  molecU^  are  generaCy 
arranged^  ~ 

t  •  . 

a.  Helical  and  trapezoidal.  ♦  *'  c.  Cubic  and  helical. 

b.  Rhombic  and  trapezoidal.  ^  <  cT.  Cubic  and  rhombic. 
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Pdldouts  1  thru  3  at  this*  publication  have  been 
deleted  in  adapting  this  material  for  inclusion 
in  the  "Trial  Implementation  of '~a  Model 
System  to  Provide  Military  Curriculum, Materials, 
for* Use  in  Vocational  and, Technical  Education*"" 


4tfhese  foldouts  •  contained  color  photography. which  * 
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